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INTRODUCTION. 


The cause, detention, and prevention of the spoilage of Indian corn 
have been given special attention by the investigators in the Bureau 
of Plant Industry who have studied the subject from the chemical, 
biological, and toxicological standpoints. In view of the fact that an 
excess of moisture is conducive to spoilage as well as shrinkage, 
Brown and Duvel? have introduced a rapid method for the deter- 
mination of this constituent which has come into extensive use in 
grain standardization laboratories as well as in elevators and mills. 
The percentages of moisture obtained by this process are important 
factors in determining the grade of market corn. 

While moisture is doubtless the most important of the controllable 
factors causing deterioration, the determination of acidity has come 
to be recognized as the best chemical means of detecting actual 


1 Dr. Winton was formerly chemist in charge, Food Investigation Laboratory. 

2 Brown, Edgar,and Duvel,J. W.T. A Quick Method for the Determination of Moisture in Grain. U. Ss. 
Dent. Agr., Bureau of Plant Industry Bul. 99. 

Notre.—This bulletin is of interest to corn millers and dealers in corn and corn products and is suitable 
for distribution in all parts of the country. 
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spoilage, or at least a tendency in that direction. Italian and 
Austrian authorities have for some time placed dependence upon 
this determination in conjunction with certain qualitative tests 
which appear to have local significance. The Austrian chemist, 
Schindler,! described a method for acidity, and Black and Alsberg? 
in the United States have elaborated the details. of the process in 
order to make it applicable for the use of those unskilled in laboratory 
manipulation. The process described by these authors has been 
further popularized by Besley and Baston,? and applied in their 
investigations on the soundness of corn. A certain amount of acid- 
reacting material, residing chiefly in the germ, is present in sound 
corn although no sour taste or smell is evident. During spoilage 
this acidity rapidly increases through the agency of molds or 
bacteria, or both, until the limit of tolerance is exceeded. 

Although the spoilage of corn, as such, has been the chief subject 
of investigation by the authors named, Black and Alsberg have also 
shown that the corn meal on the American market often contains an 
amount of acidity in excess of 30, the arbitrary limit adopted by the 
Austrian chemist Schindler. This figure, in chemical language, 
represents the number of cubic centimeters of normal alkali required 
to neutralize the acidity in the extract from 1,000 grams of the meal. 

The main purpose of this paper is to show the general composition 
of American table meal milled by different processes, and especially 
the keeping qualities of the extreme types dried to different degrees 
and stored in different localities. Incidentally, the composition of 
grits and the by-products are considered. 

The writers desire to express their appreciation for the assistance 
furnished by corn millers in various parts of the country who have 
permitted the inspection of their plants and furnished samples of 
corn and meal for analysis. Special thanks are due Mr. H. Bates, jr., 
president of the American Hominy Co., also Mr. F. C. Atkinson, 
chemist, and Mr. Charles Highstreet, general superintendent of that 
company, who threw open their mill at Terre Haute, Ind., for the 
experiments. Acknowledgment should also be made for the coopera- 
tion of Mr. W. J. McGee, former chief of the New Orleans Food and 
Drug Inspection Laboratory, and for the analytical work carried out 
by Mr. L. Patton, assistant chemist at the Savannah Food and Drug 
Inspection Laboratory. : 


CONSUMPTION OF CORN MEAL. 


The consumption of corn meal is greatest in the Southern States of 
the Union, where in certain sections meal and grits are the principal 


1 Schindler, Josef. Anleitung zur Beurteilung des Maises und seiner Mahlprodukte mit Riicksicht auf 
ihre Eignung als Nahrungsmittel. Innsbruck, 1909. 

2 Black, O. F., and Alsberg, C. L. The Determination of the Deterioration of Maize, with Incidental 
Reference to Pellagra, U. S. Dept. Agr., Bureau of Plant Industry Bul. 199. 

3 Besley, H. J.,and Baston,G.H. Acidity asa Factor in Determining the Degree of Soundness of Corn, 
U.S. Dept. Agr. Bul. 102. 
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cereal foods. Hon. E. J. Watson, commissioner of agriculture, com- 
merce, and industries of the State of South Carolina, who has been 
particularly active in repressing the sale of spoiled meal in his State, 
is responsible for the statement that in South Carolina corn meal is 
not only the principal cereal product, but the most important of all 
articles of dict... The same statement applies to many other regions 
in the South, particularly the rural districts, where wheat flour is of 
secondary importance and in some cases even a rarity. In many 
southern families, even in the cities, corn meal in some form or other 
is eaten three times a day, and in most families at least once a day. 

Among the common corn-meal dishes eaten in the South are hoe- 
cake, a mixture of corn meal and water with or without salt, cooked 
in a frying pan or griddle; corn bread or pone, made with the addition 
of baking powder or its equivalent and baked in the oven; griddle 
cakes, prepared from a thin batter with the addition of a leavening 
agent; ege or spoon bread, differing from ordinary corn bread in that 
eggs are used; and corn dumplings, usually cooked with either meat 


or vegetables. Corn meal is used in puddings, waffles, poultry dress- 


ing, meat and fish dishes. There is also a large consumption of 
mush made from hominy or grits and of lye hominy prepared from 
the whole grain after removal of the hull with caustic soda. 

The corn and grits used in the South are prepared almost exclu- 


sively from white dent corn in both northern and southern mills. 


In the North, where corn products are consumed to a less degree, 
the preference is usually given to meal made from yellow corn, 
although the so-called hominy (grits) made from white corn is a 
common breakfast cereal. Hasty pudding (corn mush) and Johnny 
cake (corresponding to the hoecake of the South) have been made 
in New England households since colonial days. Indian pudding, 
a popular dessert prepared from corn meal, milk, and eggs, has long 
been regarded as one of the necessary adjuncts to the New England 
Thanksgiving dinner. 

The dent varieties, both white and yellow, are generally used in 
the manufacture of meal and grits. A white variety known as 
“hominy corn,” extensively grown in eastern Illinois and western 
Indiana, is preferred by many millers. In Rhode Island white flint 
corn has been milled for generations to produce a kind of meal much 
esteemed by the residents of that State, and in some other regions 
flint corn is milled to a limited extent. 


MANUFACTURE OF CORN MEAL. 


Although the consumption of meal is greatest in the South, the 
production of corn is greatest in the States of the Middle West form- 
ing the “corn belt.’”’ In the South the acreage is given up largely 
to the production of cotton, and the corn crop is not sufficient to 


1 Personal communication. 
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supply the local demand. While the southern corn is used as far as 
it goes, and is usually preferred, the larger part of the meal is either 
eround by southern mills from western corn or is milled in the 
North, usually in or near the region where the corn is grown. 


THE STONE PROCESS. 


With few exceptions the southern mills grind the corn by stones. 
The chief difference between the process of the small country mill 
with a single “‘run of stone,’’ which grinds the grist that the farmer 
brings in on his back, and that of the large mill, with several to 40 
or 50 ‘‘run of stone,’ is in the perfection of the grain-cleaning and 
the bolting systems. In many of the mills native stones, notably 
the so-called Esopus stones from New York quarries, are preferred to 
French buhrs for the reason that they produce a soft, smooth meal, 
which is highly esteemed by southern cooks. 

The term ‘“‘water meal’’ has been applied indiscriminately to old- 
fashioned, stone-ground meal regardless of the fact that at the pres- 
ent time steam or even electricity is often the motive power. Natu- 
rally the nature of the milling machinery and not the power deter- 
mines the character of the meal. Stone-ground meal is either milled 
from corn without bolting, and consequently does not differ in com- 
position from the whole grain, except for the removal of a small 
amount of chaff by a simple fan device, or is bolted to remove the 
coarse bran and germ. It is stated that when unbolted meal is 
used the cook is accustomed to put it through a sifter, thus removing 
the greater part of the coarse, branny tissues, so that the final result 
attained is the same as if bolted meal had been used. Stone-ground 
meal, owing to the incomplete removal of the fatty matter of the 
germ, is characterized by its rich oily flavor, the taste for which when 
once acquired 1 is not satisfied by deserminated meal in which the fat 
content is reduced to the minimum. 

In the small stone mills no attempt is made to dry either the corn 
or the meal, although it is well known that the corn must be moder- 
ately dry in order to prevent gumming in the mill and to insure 
keeping for a reasonable length of time. The friction of grinding, 
especially when the stones are set for producing a very fine, soft meal, 
develops considerable heat, which serves to drive off much of the 
moisture. In certain of the large mills drying apparatus is used. to 
some extent for removing the excess of moisture from either the 
corn or the meal. In many of the mills, however, dependence is 
placed on the heat developed during erndine as well as on the expo- 
sure of the hot meal to the air in open conveyors. 


THE ROLLER PROCESS. 


In northern mills rolls have largely replaced stones, the process 
being one of gradual reduction similar to that employed in wheat 
milling. Preliminary to grinding, the corn is put through the 
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“degerminator,’’ which loosens the germ, permitting its separation 


for the manufacture of corn oil. In some mills corrugated rolls take 
the place of the degerminator, but the product thus obtamed may 
be contaminated with a considerable amount of oil. Reels and sifters 
similar to those employed in wheat milling are used in making the 
separation. In addition to the “degerminator’’ special forms of 
aspirators and driers, quite unknown in wheat milling, are peculiar 
to this process. 

Corn, like wheat, is tempered by steam or water preliminary to the 
milling process, but it is considered necessary to dry the products, 
except in the summer months after the corn has become dry through 
long standing. This drying is usually effected in revolving horizontal 
cylinders containing steam pipes. The products and by-products are 
subjected to this drying process either before or after separation. 
The drying of the corn itself preliminary to milling is unusual. 


PRODUCTS OF CORN MILLING. 


Not only corn meal, but usually also grits and corn flour, as well 
-as germ and feed, are obtained as the products and by-products of 
the roller process. In some mills two or more grades of meal are 
separated. These are designated either for table or brewers’ use, or, 
according to the size of the particles, as coarse or fine. Grits and 
meal for brewers’ use are the main products of some of the largest 
mills. 

The grits are either used as such by the brewer or are rolled or 
‘‘flaked”’ in order to facilitate malting. Special machines turn out 
continuous ribbons of rolled grits which are later broken up into thin 
flakes a fraction of an inch in size. A similar product serves for the 
manufacture of toasted corn flakes, a well-known, ready-for-use 
breakfast cereal. 

Brewers’ meal differs from table meal in that it contains more of 
the floury part of the kernel. The difference, however, is not marked 
and either can be used for both purposes. The brewing industry 
demands that both grits and meal contam not only the highest pos- 
sible amount of starch, but also a low percentage of fat. A low 
percentage of moisture is also desired, not merely to increase thereby 
the percentage of starch but also to insure better keeping qualities. 

Corn flour, the finely divided material separated by bolting, may 
be regarded as a by-product of the gradual reduction process. It 
serves as an ingredient of pancake flour and also as a filler or binder 
for sausage. 

The germ, detached from the grain in the early stage of the process 
by the degerminator, is pressed for the manufacture of corn oil. Corn 
cake, the residue from the presses, is utilized for cattle food. 

Corn bran corresponds to the bran obtained in the milling of wheat 
in the modern flour mill, and corn feed is the cattle food consisting 
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usually of a mixture of bran and the finely divided offal analogous to 
red dog flour of the wheat mill. The ground corn cake is often an 
ingredient of corn feed. 


COMPOSITION OF THE PRODUCTS OF CORN MILLING. - 


The analyses reported under this head are of samples obtained from | 
corn mills in different sections of the country. With few exceptions 
the samples of meal were taken at the mills by the authors, so far ag 
possible from the streams of corn going to the milling apparatus and 
of finished products going to the packers. They represent the prod- 
ucts of forty-one mills located in thirty-two towns and seventeen 
States. The samples were shipped without delay to the Chicago 
Food and Drug Inspection Laboratory for analysis, the determina- 
tions being made as soon as the samples were received. 


METHODS OF ANALYSIS. 


The analyses were made by the methods of the Association of 
Official Agricultural Chemists, with the exception of the acidity, 
which was determined by the method employed by Schindler! and 
described in detail by Black and Alsberg.? 

The determination of moisture by hein for five hours at the 
temperature of boiling water in a current of dry hydrogen was carried 
out in the apparatus devised by Winton.*? The results obtained by 
means of this apparatus were about 1 per cent higher than those 
obtained by drying for the same length of time and at the same 
temperature in an open dish. The reason for this difference is not 
clear, but is probably, in part at least, physical. The fact that the 
difference was well marked in the case of degerminated meal contain- 
ing less than 1 per cent of fat precludes the assumption that the cause 
lies in the prevention of oxidation by the hydrogen method. 

Great annoyance and sometimes heated disputes have resulted from 
discrepancies in the results of a moisture determination by different 
methods and in different laboratories, particularly those of the buyer 
and seller. As the process used in these experiments has given con- 
cordant results in mill laboratories as well as in those of the depart- 
ment, it is believed that the extra labor and expense involved as 
compared with drying in an open dish will recommend it, at least for 
use in standardizing such shorter processes as the official or trade 
chemist may find convenient. In this connection attention is directed 
to the modification of the Brown and Duvel apparatus adapted for 
the determination of moisture in meal which has recently been 
devised by Cox.* It is hoped that this method will be of great value. 

1 Loe. cit. p. 37. 

2 Loe. cit. p. 10. 

3 Winton, A. L. Conn. Agr. Expt. Sta. Rept., 1889, p. 187; Leach, Albert E. Food Inspection and 
Analysis, p. 62. 


4 Cox, John H. A Spetial Flask for the Rapid Determination of Water in Flour and Meal. U.S. Dept. 
Agr. Bul. 56. 
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to the trade. So far there has not been opportunity to compare the 
results obtained by this apparatus with those by the gravimetric 
method employed in these investigations. 


FULL SET OF PRODUCTS OF TWO ROLLER MILLS. 


In Table 1 are given analyses of samples representing all the prod- 
ucts and by-products obtained in two corn mills, one, grinding white 
corn, located in the Middle West, the other, grinding yellow corn, 


on the Pacific slope. 
PROCESS OF MANUFACTURE. 


A description of the process used in the white-corn mill, as furnished 
by the chemist, follows: 


Number three! white corn is carried from the elevator or bin through a magnetic 
separator to remove nails, etc., then through a screen to remove large pieces of cobs 
or other foreign matter and over a fine screen to remove sand and grit. It is then 
aspirated with a strong air current to remove impurities of a light, fluffy nature. 

The cleaned corn now goes through the tempering device and to the degerminator. 
In the latter machine the kernels are broken open, the germs are partly broken loose 
from the starchy portion of the grain, and the bran is partially removed. This broken 
corn is dried and allowed to flow through the hominy separator. In this machine the 
stock is led through a revolving sheet-iron cylinder, through the metal of which are 
numerous narrow slots. Within this cylinder are beaters revolving in the opposite 
direction from the cylinder. This removes some bran and most of the rotten grains, 
which latter are shattered into very fine particles as they pass through the degermi- 
nators. 

From this cylinder the stock passes through a sizing reel which removes all the 
material fine enough to pass a number seven screen (seven meshes to the linear inch). 
At the same time it is aspirated to remove dust and bran. The coarse portion from this 
machine, which is now quite well cleaned, is passed through the first, second, and third 
break rolls, being screened after cach break, separating flour, meal, fine grits, coarse 

erits, and hominy. 

As the products attain the desired degree of fineness they are aspirated thoroughly 
before bagging. 

In the yellow-corn mill both dent and flint corn, either separately 
or mixed, are milled, the process, as described by the head miller, 
being as follows: 


The corn first passes through a degerminator which removes the bran and germ. 
It is then thoroughly dried and allowed to remain in the bin long enough to cool to 
about its normal temperature. From thence it passes through a series of rolls, being 
gradually reduced to the proper fineness. The chaffy material is removed by suction, 
after which the meal is sterilized at a temperature of 218° F., the process requiring a 
little over three minutes. When the meal has cooled off slightly it is packed in sacks 
or other suitable containers. | 


ANALYSES OF THE PRODUCTS. 
A study of the analyses in Table 1 shows that the percentages of 


fat and ash in the white corn grits and in the coarse yellow corn meal 
correspond very closely to the percentages of these constituents 


1This is the old. No. 3 grade used by the trade prior to the adoption of the Government corn grades 
in July, 1914. Corn graded No. 4 on account of moisture is often used. No.2 corn is found compara- 
tively rarely and then only in summer and early fall. 
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in patent. wheat flour, showing that the gradual reduction process 
eliminates quite completely the bran and impurities. The per- 
centages of fat and ash in both kinds of white corn meal and in the 
fine yellow corn meal are about the same as those present in clear 
wheat flour. The analogy ceases in the case of protein, as the corn 
products with low fat and ash contents contain. relatively high 
amounts of protein, whereas the reverse is true of the different grades 
of wheat flour. 


TABLE 1.—Composition of the products and by-products of corn milling. 


Analysis as received. Analysis caleulsiedite moisture-free 
: © 8 
Product. o~ pest oy aA da} 2 H 
‘ 1D > o 1D > o 
3 eS = Pa est . aon dg | 2 
4 > | oe o & S > las os et 
Bi dee lee su |g oa ll fo 7X cul s 
= Se Nees Zi 3 Bo] ¥ ec We Se ; £3| z 4 
= Om ~ ar) 3 << = fo) ~ pe = gq 
io) rs) uN oS — D (3) Ww = 
— Be a =i 3 a n 
=a | <4 | a a oO | a] 4h aie OD |= 
OT —_———— | —————_ ————e —_—. 


White corn, products, | 
and by-products: Pach: P.ct.| P.ct.|P.ct.|P.ct.|P.ct. Pct. |B ct..\ BY ct (Pach Pacis 


OT eee eae See 13.52] 27.8 9.12] 3.62] 70.50] 2.02! 1.29) 31.8] 10.55) 4.19] 81.51] 2.34] 1.41 
Grits) COaTSe: = <5 -2<22-| | 13.07) 16.4) 8.78) .48) 76.78) .53) .36) 18.9) 10.10) .55} 88.33] .61) .41 
Gris ING ose oS. | | 12.12] 16.6] 8.66] .64! 77.68) .48] .42) 18.9] 9.85] .73] 88.39] .55] .48 
Meal,.cream.:...-.-..-- | 11.97] 19.1] 7.85) 1.41] 77.65) .56} .56) 21.7] 8.92} 1.60) 88.20) .64] .64 
Meal; brewers’ =e ee | 11.95) 18.1) 8.00) 1.23) 77.59) .64) .59) 20.6) 9.08) 1.40) 88.12) .73) .67 
2.1) 6:78) 2:87) 77.61 80} .75| 24.9) 7.63) 3.23) 87.40} .90) .84 
. 3] 16.62) 23.79) 40.30 | 63.5 5 
7.26] 54.39 bal 7 
8. ) 9 
6. Sth 


Genes oo te oes | 6.64) 59 5. 6.04) 6.61) 63.5} 17.80) 25.48) 43.17] 6.47] 7.08 
Gernncakes-5.. 2255 2 2.14) 68.6) 20. 22 7.90) 8.09] 7 20.66) 7.42) 55.58} 8.07) 8.27 
Feed (including bran) .| 11.00} 52.4] 11.69 44) 60.99} 5.03) 2.85) 58.9) 13.13) 9.48) 68.54] 5.65] 3.20 
rat eens ch as 10.13) 49.2} 8.43 71) 62.85} 9.72) 2.16] 54 9.38) 7.47) 69.93} 10.82) 2.40 


Yellow corn, products, 
and by-products: 
C 


OUT ape ee 13. 45] 35.4] 9.16) 5.10) 68.89] 2 06; 1.34] 40.9] 10.58} 5.89) 79.60) 2.38] 1.55 
Meal, bolted, coarse....| 12. 88].18.0) 9.7 90} 75.60 45} .39] 20.7) 11.23) 1.03) 86. 77 52) .45 
Meal, bolted, fine...... 13.10) 21.1 9. 09) 2.19) 74.48) .53| .61) 24.3] 10.46] 2.52) 85. 71 Sell 5 ZA 

CLS en Ses Pe Se 11. 29} 62.5) 13.34] 18.07] 49.25} 3.98) 4.07] 70.5) 15.04) 20.37) 55.51} 4.49] 4.59 
184 na | oe re ee 10.37) 66.5 


9. 8 11.00) 57.19) 9. 68 2.70) 74.2) 10.11) 12. 27/ 63.81) 10.80) 3.01 


It should be especially noted that the acidity of both the grits and 
the meal is much less than that of the corn, the figures being well 
within the limit 30, notwithstanding the high amount in the corn 
which was characteristic of the crop of 1913. 

Corn flour is not comparable with any of the commercial grades of 
wheat flour, although in respect to both process and composition it has 
some resemblance to break flour. The acidity, fat, and ash contents 
are higher in the flour than in the meal and grits, whereas the protein 
content is lower. . 

The germ is characterized by its high content of acidity, protein, 
fat, fiber, and ash, all of which constituents, except the fat, are ob- 
viously further increased in percentage amount by pressing. The 


high acidity at once shows the chief seat of the acid-reacting materials. 


and the advantage of degermination. 
The samples of bran, while containing about the same amount of 


protein as the corn, are characterized by their higher fat, fiber, and 


ash content. The feeds is still richer in fat and aah as SAL as in pro- 


Bey fra 
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tein. These results show the value of this offal for feeding, but the 
high acidity is significant proof of its unsuitability for human food. 


WHOLE-KERNEL STONE-GROUND MEAL. 


The samples without exception were from southern mills. Analy- 
ses of both the meal and the corn from which it was milled appear in 
Table 2. As the corn was ground without the removal of any constit- 
uent other than some of the thin, papery chaff or ‘“‘bee wing,’ the 
meal when ground should not differ materialiy from the corn in com- 
position, except for a possible change in moisture content. Whether 
or not the moisture is less or greater than in the corn depends on the 
dryness of the latter and on the climate. Ordinarily there is a loss 
in grinding. 

TABLE 2.—Composition of whole-kernel, stone ground meal and of corn from which meal 
was milled. 


Analysis as received. Analysis calculated to moisture-free 


basis. : 
| ; g TEMES, 
aoe Des. @ Seales S Fe] 8 
aa bape eee ag| Di Besa «3.| 8 
mb ao Oy a pb ao Oy ec 
~_— . a ~_ . (ok 
Reco etre S caaleme leeees s|PO On| taal eel cigs 
= |< |o BR 14 SPN (eae ast alls BH 14 Oo | < 
White corn and meal: . . 
Mill No. 1, Alabama— | P.ct. PS ChA PP MCEA| EP. Cha WeerCla'ECk. PPR CEALE CES Cla EACEa EE aICe. 
Corn, Middle West. -} 13.05) 32.0} 8.47] 3.70} 71.49] 2.00} 1.29] 36.8] 9.74] 4.26) 82.22] 2.30] 1.48 
Meal, unbolted.....- 13. 28) 32.2) 8.38} 3.59] 71.34] 2.12) 1.29) 37.2) 9.66} 4.14) 82.26] 2.45) 1.49 
Mill No. 2, Alabama— ! 
Corn, Tennessee. ..-- 12.41} 20.0} 8.25) 4.16) 71.90) 2.00] 1.28) 22.8) 9.42) 4.75] 82.09] 2.28] 1.46 
Meal, unbolted.-..... 12.30} 34.1) 8.00) 4.27) 72.00) 2.05) 1.38] 38.9} 9.12) 4.87] 82.10) 2.33) 1.58 
Mill No. 3, Georgia— 
Corn, Indiana. .-.-..-- 13. 28) 25.2) 8.19) 3.75) 71.52) 2.07) 1.19) 29.0) 9.44) 4.32) 82.49] 2.38! 1.37 
Meal, unbolted..-.-. 11.97) 26.0) 8.47) 3.65) 72.52) 2.15) 1.24) 29.5} 9.62) 4.15) 82.38) 2.44] 1.41 
Mill No. 4, Georgia— 
WOM tec mies ees. 13.99} 25.4) 8.81) 3.78) 70.19] 1.95) 1.28] 29.5) 10.24) 4.40} 81.61) 2.26) 1.49 
Meal, unbolted....-- 12.38) 27.4; 8.66) 3.81) 71.83) 1.98] 1.34] 31.3] 9.88] 4.35] 81.98) 2.26) 1.53 
Mill No. 5, Georgia— 
Corn, Middle West. .| 14.04] 23.0} 8.59} 3.55) 70.54] 2.04] 1.24) 26.8] 10.00) 4.13} 82.06} 2.37) 1.44 
Meal, unbolted...... 12.51} 28.0) 8.31] 3.75| 71.97] 2.19) 1.27] 32.0} 9.50) 4.29) 82.25) 2.51) 1.45 
Mill No. 6, South Caro- 
lina— 
Corn, South Carolina.} 11.73) 18.0) 7.90) 4.45) 72.69] 2.05] 1.18) 20.4) 8.95) 5.04} 82.35] 2.32] 1.34 
Meal, unbolted...--- 11.16} 20.7) 7.94) 4.39) 73.21) 2.10) 1.20} 23.3] 8.94) 4.94] 82.41) 2.36) 1.35 
Mill No. 7, Tennessee— 
Corn, Tennessee. .... 11.82) 18.0) 7.00) 4.29) 73.56} 2.07) 1.26} 20.4) 7.94] 4.87] 83.42! 2.34] 1.43 
Meal, entire kernel..-| 13.09) 24.5) 7.25] 4.18) 72.25) 2.01) 1.22] 28.2) 8.34) 4.81] 83.13} 2.32) 1.40 
Mill No. 8, Mississippi— 
Corn, Mississipp1- - . -| 12.13] 31.0) 9.09} 4.42) 71.06) 2.07] 1.23] 35.3] 10.35} 5.03) 80.87| 2.35] 1.40 
Meal, unbolted....-. 13.18! 37.2) 8.47) 4.25) 70.60! 2.17) 1.33) 42.9} 9.75! 4.90) 81.32) 2:50) 1.53 
Mill No. 9, Mississippi— 
Corn, Kentucky ..--- 12.54) 30.0} 9.22) 4.24) 70.73) 1.91] 1.36) 34.3] 10.54) 4.85} 80.87) 2.19) 1.55 
Meal, unbolted.-..-.. 12.31] 42.7) 9.41) 4.18) 70.74) 1.99) 1.37] 48.7] 10.73] 4.77] 80.67| 2.27|°1.56 
Mill No.10, Mississippi— 
Corn, Mississippi. ..-.| 11.86) 24.7) 8.19) 4.63) 71.88} 2.09] 1.35} 28.1) 9.29) 5.26] 81.55) 2.37] 1.53 
Meal, unbolted.-..... 11.58) 25.1) 7.97) 4.49) 73.09) 1.55) 1.32/'28.4) 9.01] 5.08] 82.66) 1.76)'1.49 
Mill No. 11, Missouri— 
Corn, Middle West. .! 15.83] 21.3) 8.78) 3.67| 68.65} 1.84] 1.23] 25.3) 10.44) 4.36] 81.56} 2.18) 1.46 
Meal, straight....... 10.17] 21.3) 9.03) 3.56) 74.52) 1.36] 1.36) 23.7] 10.05) 3.96} 82.'96] 1.51) 1.52 
Maximum. .| 13.28] 42.7) 9.41) 4.49) 74.52) 2.19) 1.38} 48.7] 10.73] 5.08] 83.13} 2.51] 1.58 
Meal{ Minimum...| 10.17] 20.7) 7.25} 3.56) 70.60} 1.36] 1.20} 23.3) 8.34) 3.96] 80.67) 1.51) 1.35 
Average....| 12.18] 29.0, 8.35) 4.01) 72.19) 1.97) 1.30] 33.1) 9.51) 4.57) 82.19). 2.25) 1.48 


The remarkable agreement in the percentages other than moisture 
and acidity is as would be expected, but the greater amount of 
85755°—Bull. 215—15——2 
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acidity in the meal requires explanation. That the acidity of both 
corn and freshly ground meal would be the same is obvious, but the 
increase in the meal is much more rapid than in the corn. In cases 
where the acidity of the meal is in excess the cause is directly trace- 
able to delay in delivery of the samples, which in some instances 
was a week or more. Experience shows that corn will not ee 
increase in acidity during that time. 

The acidity given in Table 2 for the corn should in all cases be 
taken as that of the corresponding meal at the time of grinding. 

The excessive amount of acidity in some of the samples of meal 
when analyzed merely illustrates the difficulty in keeping meal of 
this type, which fact is further brought out by the results of the later 
experiments. (See Tables 12 and 14.) 


BOLTED UNDEGERMINATED MEAL. 


Results obtained in the analysis of bolted, undegerminated meal, 
as well as of the corn from which it was milled, appear in Table 3. 
The mills in which the corn was ground are all located in the South 
except No. 18, which is in lowa, and No. 35, which is in Rhode 
Island. In most of the mills grinding was done by stones; in Nos. © 
18, 36, 37, and 38, however, rolls were used. The corn ground in 
all the southern mills was white dent, in the Iowa mill it was yellow 
dent, and in the Rhode Island mill it was white flint. 


TaBLE 3.—Composition of bolted, undegerminated corn meal and of corn from which 
meal was milled. 


Analysis as received. Analysis calculated to moisture-free 


No. Om NV 


| basis. 
=>) Oo 
Product . a ; . = 5 
hares e “Jas. 8 eS prea f 
S S Sige | 2 : 3 ga| 2 
=| b> | as on | & bm | ae oe 
B |= |x SaaS p(k) helene oid s| Sim ee 
2 |e |e2| 2 18%) 2 las lee) 3 eee 
nw a 4 D > uN 4 
sf a) et ht fy i So |4|<4 [qe & |Z So | 4 
White corn and meal: 

Mill No.1, Alabama— |P.ct. PCE E.. Cb: |TRRCEN EBs Che \Ees.cbs PCE N PCE. | Pa ChalpaeiCh alia Che 
Corn, Middle West. .| 13.05} 32.0! 8.47} 3.70! 71.49! 2.00) 1.29) 36.8) 9.74] 4.26] 82.22) 2.30] 1.48 
Meal, bolted........-. 14.94] 33.8) 7.75] 2.92) 72.53 83] 1.03} 29.8) 9.11) 3.43) 85.27 - 98) 1.21 

Mill No. 4, Georgia— 

GOrnnrs See are 13.99} 25.4) 8.81) 3.78) 70.19} 1.95] 1.28) 29.5) 10.24) 4.40) 81.61] 2.26] 1.49 
Meal, bolted......... 12.60} 27.7} 9.09] 3.72) 71.94] 1.48] 1.17) 31.7] 10.40) 4.26] 82.30] 1.70} 1.34 

Mill No. 34, Georgia— | 
GOnmMaene cet eee 12. 79| 23.5] 8.93} 4.30) 70.62} 2.06) 1.30) 26.9) 10.24) 4.93) 80.98) 2.36 1.49 
Meal, bolted........- 11.32} 26.2} 9.22) 4.35) 72.12) 1.64] 1.35] 29.6] 10.39) 4.90) 81.34] 1.85] 1.52 

Mill, No. 5, Georgia— 

Corn, Middle West..| 14.04) 23.0) 8.59] 3.55) 70.54) 2.04) 1.24) 26.8) 10.00 4.13] 82.06} 2.37] 1.44 
Meal, bolted......... 11.60} 25.5] 8.87} 3.78) 72.77| 1.68) 1.30} 28.8) 10.04) 4.27) 82.32) 1.90} 1.4 

Mill No. 21, Missouri— 

Corn, Middle West. .| 14.87) 25.8] 8.75] 3.58) 69.47} 1.99) 1.34] 30.3] 10.28] 4.20) 81.62) 2.34) 1.5 
Meal*sbolted=. 2245.5: | 12.78] 24.1) 8.97] 3.04) 72.92) 1.17] 1.12; 27.6) 10.28) 3.49) 83.61) 1.34) 1.2 
Mill No. 9, Mississippi— 
Corn, Kentucky..... 12.54) 30.0) 9.22) 4. 70.73} 1.91] 1.36] 34.3] 10.54] 4.85) 80.87) 2.19) 1.5 
Meal, bolted.......-- 12.45} 44.5} 9.06] 4.72] 70.88} 1.38) 1.51) 50.8] 10.35] 5.39) 80.96] 1.58) 1.7 
Mill No. 35, Rhode 
Tsland— 
Corn) Ri. flint >.< = 12.93] 22.5] 9.50] 4.47] 69.94] 1.83] 1.33] 25.8] 10.91] 5.13] 80.33] 2.10} 1.53 
Meal, boltedee ees 10.12) 21.7) 8.971 4.83) 73.39! 1.31) 1.38] 24.21 9.98! 5.38! 81.64! 1.46] 1.54 
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TABLE 3.—Composition of bolted, undegerminated corn meal and of corn from which 
. meal was milled—Continued. 


Analysis as received Analysis See eceeue moisture-free 
7 pasis. 
© o 
Product S E om ~ & F 
3 tes a3 | 3 fs | de 48] 2 
mb | of | a ay Hi tsfSe of | & 
=] = — X O05 o — SG oh o 
2 3 | 24 : a us} ie ce 27 é aK Ks} xs 
Br soferv ios |e BP eueg) eS | eva oem | ices E | @ 
= < | A & 124 oO <—_j<a4 | 4 6) < 
White corn and meal— 
Continued. 

Mill No. 36, Tennessee—} P. ct. Pe CEA Eo Chas ls CEA tlow Cha ne Che PACH PACTS SPSCE Pats taaCE 
Corn, Middle West- -| 13.14] 26.2) 8.28] 3.85) 71.45) 2.04/ 1.24) 30.2) 9.54) 4.43) 82.25) 2.35) 1.43 
Meal, plain.....--.-- 13. 72| 46.0) 8.78] 4.83) 69.33] 1.73] 1.61) 538.3; 10.17) 5.59) 80.37) 2.01) 1.86 
Meal, bolted.-.......- 14. 25} 45.5} 9.03} 5.14] 68.31) 1.62) 1.65) 53.1) 10.53) 6.00) 79.66] 1.89) 1.92 

Mill No. 37, Tennessee— 

Corn, uncleaned. . --- 12.60) 24.7) 8.34) 3.73] 72.06) 2.00] 1.27] 28.3) 9.55) 4.27] 82.44) 2.29) 1.45 
Meal, cream. ......-- 14.39] 31:0)" 7.47) (2.75) 73.76) 1. 77| \.86|.36. 2) 8.72) 3:22) 86.15 -90) 1.01 

Mill No. 38, Tennessee— 

Corn, Tennessee. - .-- 13.81] 19.2} 9.40} 4.63] 68.83) 1.94) 1.39) 22.3) 10.91) 5.38) 79.85) 2.25) 1.61 
Meal, bolted........- 15.09} 27.5) 8.47) 3.58) 70.54) 1.15) 1.17) 32.3] 9.97) 4.22) 83.07| 1.36] 1.38 

Mill No. 39, Tennessee— 

Corn, Tennessee. -.-- 14.19} 21.7) 9.09) 4.18) 69.46} 1.75] 1.33) 25.3} 10.59) 4.87) 80.96) 2.03] 1.55 
Meal, bolted.....---- 13.31) 24.0) 9.18) 4.11) 71.19 86) 1.35] 27.7) 10.59) 4.74) 82.13 -99} 1.55 
Meal, pearl..:....-.-- 12.87| 20.7| 8.78} 2.98] 73.54 83) 1.00, 23.8) 10.07] 3.42) 84.41 . 96) 1.14 

Mill No. 40, Virginia— 

Corn, Middle West. .| 14.69} 27.7) 8.72) 3.55) 69.67) 2.14) 1.23) 32.5) 10.23) 4.16) 81.66) 2.51) 1.44 
Meal, bolted........- 12.51! 28.5) 8.84! 3.90) 71.66! 1.77) 1.32) 32.6 10.11) 4.45) 81.90) 2.03! 1.51 
Maximum ..| 15.09} 46.0] 9.22) 5.14] 73.76] 1.77) 1.65) 53.3) 10.59) 6.00) 86.15) 2.03] 1.92 
Meal ¥Minimum..-} 10.12} 20.7) 7.47) 2.75) 68.31 .77| +. 86} 23.8) 8.72) 3.22) 79.66 -90) 1.01 
Average _...| 12.99} 30.5) 8.75) 3.90! 71.79) 1.30) 1.27) 35.1) 10.05} 4.48) 82.51) 1.50) 1.46 

Yellow corn and meal: 

Mill No. 18, lowa— 

Corn, Middle West. ..| 16.95] 19.6} 8.59} 3.55) 67.58) 2.06) 1.27) 23.6] 10.35) 4.28) 81.37} 2.48] 1.52 
Meal, Porto Rico 
RAL OP eer ots set 16. 82] 24.3) 7.16) 1.95) 72.79 66}2,-621°2922) <8. 61) 2235) 87.52 ei Opiate 


The effect of bolting in all cases was a decrease in fiber, but further 
than this no general rule can be deduced, as conditions such as fine- 
ness of grinding and the size of the meshes of the bolts exert more 
influence than the mere fact of bolting. The markedly high acidity 
in the meal from mulls 9 and 36 was doubtless due to the length of 
time elapsing between grinding and analysis, which for reasons 
already stated was from 9 to 12 days. 


DEGERMINATED BOLTED ROLLER-GROUND MEAL. 


The general name ‘“‘cream meal”’ is applied to degerminated, bolted, 
roller-ground meal when made from white corn, but various terms 
are used for the corresponding product from yellow corn. Analyses 
of both white and yellow meal and of the corn from which the meal 
was milled will be found in Table 4. The samples were from mills 
located in the Northern States and in Tennessee. All the mills 
were equipped with rolls and modern machinery for cleaning the 
grain as well as for separating and drying the products. Most of the 
mills employed degerminators, while others depended on corrugated 
rolls for loosening the germ and bran from the endosperm. 
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TABLE 4.—Composition of degerminated, bolted, roller-ground meal and of corn vrat 
which meal was milled. 


Analysis as received. Analysis calculated to moisture-free 


basis. 
o r<3) 
- 2 , co) 
Product. ~ tine pa A a. HK 
ne) ae o Ne) 1. <3) 
2 . Se ag] 2 ; aN AQ] 2 
5 Pa fl ic of | & b> | geo oe | 
Jey nclpeep Past oe | ai eae we © 
BAS ee (as Sh peo Se | ei seo omens 
S ° ed S = u a ° = 3 - = a 
= |< | & 14 Pete aay esp ez Onn aeed 


| 


White corn and meal: 
Mill No. 12, Illinois— | P.ct. IPE Cha ES Cia|BEAnCL i ct. |P. ct. P.ct.| P.ct.| P.ct.| P. ct.\P. ct. 
Corn, Middle West. -| 16.28) 19. 8.41] 3.39) 68.72} 2.00) 1.20] 22.7] 10.03) 4.04] 82.11) 2.39) 1.43 
Meal, pearl has 13.08 6.56] .99) 78.40} .62) .35) 12.2) 7.54) 1.14] 90.21) -71| ;40 


19 
10 

Mill No. 13, linois— 
Corn, Middle West. .| 13.92) 18. 8.63] 3.55) 70.49} 2.19) 1.22} 21.5] 10.02) 4.12) 81.91) 2.54] 1.41 
iby 6.63 -80) 75.36] .67| .37) 15.7) 7.90! .94] 89.93;  .80] .43 


0 
6 
5 
Meal, Creams. ose 16.17 2 
Mill No. 14, Illinois— 
8| 8.16] 3.37) 68.12) 2.06] 1.18] 28.7; 9.84] 4.07] 82.19] 2.48] 1.42 
56(2. 5381) Taloieiieso -¢3) 38} 18.2] 6.80) 1.35) 90.55) 285) 245 
8 
9 
0 
5 
5 
7 


ae 


Corn, Middle West. .| 17.11 

Meal; brewers =. 2 14.58 
8.25| 3.34] 67.86] 2.00} 1.17] 23.9} 9.96) 4.03] 82.18] 2.42] 1.41 
6.16} 1.28) 77.06 .67| .39; 18.9] 7.18) 1.49] 90.09 .78| .46 


Mill No. 15, Indiana— 
8.50} 3.26) 67.75) 2.02) 1.15] 22.9) 10.25} 3.93] 82.00) 2.44] 1.38 


Corn, Middle West. .| 17.38) 1 
Meal, Creamer. 14.44) 1 
1 | 
af 7.50 .87| 76.85 -58) .35| 15.6) 8.69] 1.00) 89.24 -67| .40 


Mill No. 16, Indiana— 
Corn, Middle West. .| 17.32 
Meal, cream... 2... 13.85 
Mill No. 17, lowa—. 


Corn, Middle West. .| 16.24) 22. 8.81] 3.17) 68.54] 2.02] 1.22) 26.9] 10.52) 3.79] 81.82} 2.41) 1.46 

Meal; cream......... 13.97| 15. 7.19]. 275) 77.07) 61) 41) 18. 2)) 8: 36l) FS 7 S959 err ie 7, 
Mill No. 18, lowa— 

Corn, Middle West. .| 16.09) 27.8} 8.50) 3.77) 68.45] 1.98) 1.21] 33.1] 10.13] 4.49] 81.58] 2.36) 1.44 

Meal pearlz. <2... -2 18.28} 20.8} 7.00} 1.22) 72.41) .60) .49] 25.5] 8.57] 1.50) 88.60) .74) .59 
Mill No. 19, Maryland— 

Corn, Chicago....... 14.71) 21.2} 8.31) 3.68) 70.04) 2.09) 1.17] 24.9) 9.74] 4.31) 82.13} 2.45) 1.37 

Meal, fancy cream. 13.78) 23.0] 6.28) 1.43) 77.35) .68) .48) 26.7) 7.29) 1.66) 89.70} .79) .56 
Mill No. 20 , Michigan— 

Corn, Middle West. .| 12.92] 23.1] 8.59] 3.70] 71.47] 2.07] 1.25] 26.5] 9.87] 4.25] 82.06] 2.38) 1.44 

Mecalemen ahaha ed 12.83) 18.9] 7.97| 1.54) 76.39} .64! .63] 21.7) 9.14) 1.76) 87.64) .74) .72 
Mill No. 21, Missouri— 

Corn, Middle West. .| 14.87| 25.8] 8.75] 3.58] 69.47] 1.99] 1.34] 30.3] 10.28] 4.20] 81.62] 2.34] 1.56 

Meal) cream ee oar es 12.81) 21.6] 8.84] 2.08) 74.59) .87| .81] 24.7) 10.14] 2.39) 85.56] .99) .92 
Mill No. 22, Missouri— 

( Ofoy as at SE aces 15.19} 24.2) 8.81) 3.54] 69.20} 1.92] 1.34] 28.4] 10.39) 4.17] 81.59) 2.27) 1.58 

Meal, cream........- 13.77) 14.5] 7.47) 1.80) 75.64] .69] .63] 16.8] 8.66} 2.08] 87.73) .80) .73 
Mill No. 23, Missouri— 

Corny 2 ee 16.19] 23.3] 8.00] 3.52] 69.10} 1.96] 1.23] 27.8] 9.54] 4.20) 82.45) 2.34) 1.47 

Meal, cream...-..... 14.78} 19.1) 6.81} 1.60] 75.58} .70) .53] 22.3) 7.99] 1.88] 88.69) .82) .62 
Mill No. 24, New 

York— 

Corn, Middle West. .| 13.25] 21.1) 8.81] 3.77] 70.88] 2.06] 1.23] 24.4] 10.16] 4.35] 81.70) 2.37) 1.42 

Mealscréam | 2.24: 13.56] 14.7] 5.91] 1.45] 77.86) .72| 50) 17.1] 6.83] 1.68] 90.07) .84| .58 
Mill No. 25, Pennsyl- : 

vania— 

Corn, Middle West. .| 14.10} 27.0) 8.56] 3.56! 70.48) 2.11) 1.19] 31.4] 9.97] 4.14] 82.05} 2.45) 1.39 

Mealsereame. see: s 14.08} 20.2} 6.65} 1.75) 76.12 -77| .63| 23.6) 7.75) 2.04] 88.58 .90| .73 

Meal, Southern trade.| 13.59] 22.3} 6.66| 2.04] 76.25] .80] .66| 25.8! 7.70) 2.36] 88.24) .93) .77 


Mill No. 26, Tennes- 


see— . 
Corn, Illinois........ 13.87} 26.0] 7.97| 3.60] 71.26] 2.08] 1.22] 30.2] 9.25] 4.19) 82.73] 2.42) 1.41 
Meal, cream.._...-.- 12.41) 17.5} 6.84] 2.00) 77.48 -60| .67] 20.0; 7.81] 2.28) 88.45 369] eRe 


Mill No. 27, Tennes- | 
see— 
Corn, Middle West. .| 12.63) 24.2) 8.31] 3.67] 72.16} 2.06] 1.17] 27.7) 9.51 4.30] 82.59] 2.36] 1.34 
Meal, cream........- 12.54) 18.7| 7.72) 2.31) 75.74 .96| .73| 21.4} 8.82] 2.64] 86.60} 1.10) .84 
Mill No. 28, Tennes- 


see— : 
Corn, Middle West. .| 12.74] 21.0} 9.22] 4.72) 70.43] 1.72] 1.17] 24.1] 10.56] 5.41) 80.72} 1.97) 1.34 
-4| 7.47 


Meal, cream........- 11.97) 15 1.44] 77.87] .72| .53] 17.5] 8.48] 1.63] 88.47; .82) .60 
Mill No. 29, Wiscon- 
sin— 
Corn aps es ne ee ee 17.83] 26.1) 8.50} 3.28] 67.24] 2.03] 1.12] 31.7] 10.34] 3.99] 81.84) 2.47] 1.36 
Meal, cream......... 15.18] 15.6] 6.56] .70| 76.46] .73| .37| 18.4] 7.73] 83) 90.14) .86) .44 


Maximum. ..} 18.28] 23.0] 8.84] 2.31| 78.40]  .96] .81} 26.7) 10.14) 2.64] 90.55) 1.10) .92 
Meal Minimum...| 11.97] 10.6] 5.81] .70) 72.41] 58) .35/ 12.2) 6.80} .83] 85.56} .67/ .40 
Average ....| 13.98) 17.0} 6.95) 1.43) 76.42) .70| .52/19.7| 8.07) 1.66) 88.85) .82| .60 


Yellow corn and meal: 
Mill No. 30, lowa— 
COnnlere en on Soe 17.92] 20.8] 8.31] 3.77] 66.72] 2.09] 1.19] 25.2} 10.12) 4.58] 81.32) 2.54] 1.44 
Mealsfinee same eases. 16.18) 14.5) 6.63 Ah) C503} BOD Tacos eo - 89} 90. 24 Ale 3! 
Meal, granular. ......! 15.541 14.0! 7.94) .33) 75.49! .461 .24! 16.6) 9.40! .391 89.39) .55) .27 


ane 


er 


, 
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TaBLE 4.—Composition of degerminated, bolted, roller-ground meal and of corn from 
which meal was milled—Continued. 


Analysis as received. Analysis pa a a moisture 
o oO 
o o 
Product. ~ ms = S = i 
2 S| | g2| = (ae | | deel 
B13 |s¢ pulse 8 EB | ex BS | o 
= = WW bs ° oH Lo} - = wh . © ‘Al uo) . 
eles So eee) se Soe) lore) |e Oe | ee lee rena 
= < | & e |4 'S) <“~ |} <4} & |Z Ss) <{ 
Yellow corn and meal—| 
Continued. 

Mill No. 18, lowa— PCr IPACHRE Chal eee Cll Cale. Ce PACES | PCE | es Cial|eeeiClell Each 
Corn, Middle West. .| 16.75) 19.7} 8.53] 3.68] 67.63} 2.14.27 1) 23.6] 10.25] 4.42) 81.24) 2.57) 1.52 
Meal creams)... - 17.85) 19.0) 7.37) 1.47} 71.98 <2) 261) 23.1) 8:98} 1-79) 87.62 -88) .73 

Mill No. 31, Michigan— 

Corn, Middle West. -| 12.73) 21.9} 8.97} 3.77) 71.16} 2.12] 1.25) 25.1) 10.27) 4.34) 81.53) 2.43) 1.43 
Meal, cream ......:-- 13.33] 19.2} 7.50} 1.81) 76.02 .69} .65} 22.2) 8.65} 2.09} 87.72 ST ak 
Mill No. 32, Michigan— 
Corn, Middle West. .| 14.87) 23.0} 8.34] 3.72) 69.53} 2.24) 1.30} 27.1) 9.80) 4.37) 81.67] 2.63) 1.53 
Meal, granular ...... 14.71} 17.9) 7.47 78| 75.97 -59] .48) 21.0} 8.75 - 92] 89.08 -69] .56 
Mill No. 24, New 
Y ork— 
Corn, Middle West. .| 12.91) 25.5) 8.72} 3.88] 70.86) 2.29] 1.34] 29.3] 10.01) 4.45) 81.37] 2.63) 1.54 
Meal: table. ..:..--: 13.01) 19.7) 8.63) 1.40) 75.64 . 76] .56}) 22.7) 9.92) 1.61) 86.96 -87| .64 
Mill No. 33, Wiscon- | 
sin— 
Corn, Dakota. ....... 16.87| 31.0] 8.56} 3.69) 67.65) 2.10) 1.13] 37.3] 10.29) 4.44! 81.39] 2.52] 1.36 
Meal, granular. ...... 14.12) 16.2) 8.00 59| 76. 40 59} .30] 18.8} 9.32 69} 88.95 69) .35 
Meal, bolted......... 14.88} 15.7) 6.63 82| 76.64 69| .34| 18.4) 7.79 96) 90. 04 81 40 
Maximum. ..| 17.85] 19.7| 8.63] 1.81) 76.64 - 76} .65} 23.1) 9.92) 2.09) 90.24 . 88] .75 
Meal, Minimum. ...} 13.01] 14.0) 6.63 . 33] 71.98 -46) .24| 16.6} 7.79 . 39} 86.96 -05]. .27 
Average ....| 14.95) 17.0) 7.52) .99) 75.48) .63) .43) 20.0) 8.84) 1.17| 88.75 74) .50 


The analyses calculated to the moisture-free basis show that the 
process invariably yielded a meal containing less acidity, protein, 
fat, fiber, and ash, as well as more nitrogen-free extract than the corn. 
The range in acidity of the white meal is from 10.6 to 23, and of the 
yellow meal from 14 to 19.7, in all cases calculated to the material 
as received. 

The fact that the acidity and fat are much lower than in the corn 
shows superior keeping qualities. The tendency to spoilage is 
further diminished by drying, at least during the winter and spring 
when the corn carries an excessive amount of moisture. Without 
drying the meal may contain even more moisture than the corn, 
due to the tempering with steam or water to facilitate separation of 
the germ and bran. The keeping qualities of meal of this type are 
further brought out in the experiments described on subsequent 
pages (see Tables 8, 10, 12, and 14). 

LOW GRADE OR “STANDARD” TABLE MEAL. 


Analyses of low grade or ‘“‘standard”’ table meal and of the corn 
from which the meal was milled appear in Table 5. This type of 
meal is a by-product of mills producing a higher grade of meal or 
grits or both and is intermediate between such products and the feed. 
While it differs greatly in composition, the average amounts of 
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acidity, protein, fat, fiber and ash are more and of nitrogen-free 
extract less than in cream meal. As compared with the corn, it is 
sometimes richer and sometimes poorer in fat. This “standard” 
meal is consumed largely by the poorer classes in the South. 


TABLE 5.—Composition of low grade (‘‘standard’’) table meal and of corn from which 
the meal was milled with removal of grits or high grade meal and feed. 


» 


Analysis as received. Analysis calculated to moisture-free 


basis. 
© o 
rb) o 
Product. lon Sie. Hi ~ ae Hi 
- ue) i> o uD iY o 
S N a8 = : BN #3 Q 
Le | ice) fomee) On c= bm ao Op | 
S | = |x om | 3 m | aX sh | 8 
BS Bia ys Ve Sal TS gel | al | siecle ney 
S cS) nw 3 aa 2 Da S) qu 3 ei Pp na 
= “16 Fae 'S) < |< {a ew 14 6) <{ 
White corn and meal: | 
Mill No. 19, Maryland—}| Pct. SPSCEL NMP: Chs|pBea Chal. Chi Ps Che Pct: (Po 6b. WP ache \ecealieaces 
Corn, Middle West. -| 14.71) 21.2) 8.31] 3.68} 70.04) 2.09) 1.17) 24.9) 9.74] 4.31) 82.13] 2.45) 1.37 
Meal, standard... --- 14. 65| 26.2) 7.06] 2.83) 73.81) .80) . 85) 30.7] 8.27] 3.31] 86.48)  .94) 1.00 
Mill No. 11, Missouri— : 
Conner a: aoe teres... 15. 83) 21.3} 8.78} 3.67) 68.65} 1.84) 1.23) 25.3) 10.44) 4.36) 81.56} 2.18) 1.46 
Meal, standard... .-- 10. O01) 24.1) 9.97) 4.34) 72.31] 1.80) 1.57] 26.7) 11.07} 4.82) 80.37) 2.00} 1.74 
Mill No. 22, Missouri— : 
Corn, Middle West. .| 15.19) 24.2) 8.81) 3.54! 69.20) 1.92) 1.34) 28.4) 10.39) 4.17) 81.59] 2.27) 1.58 
Meal, standard...... 11.51) 21.8) 8.59) 3.36) 74.39) .99) 1.16) 24.6) 9.72) 3.80) 84.05) 1.12) 1.31 
Mill No. 23, Missouri— 
Corner et. ese 16. 19} 23.3} 8.00) 3.52) 69.10} 1.96) 1.23] 27.8) 9.54) 4.20) 82.45) 2.34) 1.47 
Meal, standard.....- 13. 42) 20.8) 8.15) 3.96) 72.05) 1.12) 1.30) 24.0) 9.42) 4.58) 83.20) 1.30} 1.50 
Mill No. 37, Tennessee— 
Corn, WMhinois.ci...- 12. 60} 24.7) 8.34) 3.73] 72.06} 2.00) 1.27) 28.3) 9.55; 4.27) 82.44) 2.29] 1.45 
Meal, standard...... 14.03) 44.5, 9.15) 5.26) 68.26) 1.74) 1.56} 51.8) 10.65) 6.12) 79.40} 2.02] 1.81 
Mill No. 26, Tennessee— 
Corns Dlinois=.- ¢2-.+ 13. 87| 26.0! 7.97) 3.60) 71.26) 2.08! 1.22) 30.2! 9.25} 4.19! 82.73) 2.42! 1.41 
Meal, Standard J... - =. 12.10} 19.7} 7.94) 3.48) 74.33 . 98) 1.17] 22.5) 9.03) 3.96) 84.56) 1.12) 1.33 
Mill No. 27, Tennessee— 
COrS sere Serseie ee oe 12. 63) 24.2) 8.31) 3.67} 72.16} 2.06) 1.17) 27.7) 9.51] 4.20) 82.59) 2.36) 1.34 
Meal, standard....-. | 12. 03) 23.2} 8.62) 3.61) 73.15] 1.44) 1.15) 26.4} 9.79] 4.10) 83.16) 1.64) 1.31 
Mill No. 28, Tennessee— | 
Con ee eee era 12. 74] 21.0} 9.22) 4.72) 70.43) 1.72) 1.17) 24.1) 10.56) 5.41) 80.72) 1.97) 1.34 
Meal, standard.....- 11. 56) 21.5) 9.90) 4.32) 71.40} 1.29) 1.53) 24.3) 11.20) 4.88) 80.73] 1.46) 1.73 
Maximum...| 14. 65} 44.5} 9.97) 5.26] 74.39) 1.80) 1.57] 58.1) 11.20) 6.12] 86.48) 2.02) 1. 81 
Meal, Minimum....| 10.01) 19.7] 7.05} 2. 83) 68.26} .80) .85) 22.5) 8.27) 3.31] 79.40) .94) 1.00 
Average....-. 12. 41} 25.2) 8.67) 3.89) 72.48) 1.27) 1.28) 28.9] 9.89) 4.15) 82.74) 1.45) 1.47 
GRITS. 


Table 6 shows the composition of five samples of table grits and six 
samples of brewers’ grits taken from mills in the Middle West. The 
difference in composition between the two classes lies chiefly in the 
lower percentage of fat in the brewers’ grits. 
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TABLE 6.— Composition of table and brewers’ corn grits. 


Analysis of original material. Analysis calculated to moisture- 


free basis. 
tts 2 
Product. ~~ ae Hi fon ine Hi 
te. _) oO le) ir o 
ene |x SS | 3 B | ax aH | % 
2 go |£2 | Js f | oo 7 | to hes | dots, : 
& See || es aS ASE Aid” (ys eS lateness 
a aq 1m Fy A SS) <q << | Ay Fy Z S) “4 
Table grits: Pech: PE Cha PECls)| Ea Cos ebro Peace Pe Cbs| PiChe| Eyl |peaeChall tx ache 
Mill No. 15, Indiana... ./14.12 |15.0 | 7.41 | 0.86 |76. 64 | 0.61 0.36 ]17.5 | 8.63 | 1.00 |89. 24 | 0.71.) 0.42 
Mill No. 16, Indiana... .}14.12 |16.2 | 7.47 | .73 |76.70 | .62 | .36 |18.9 | 8.69] .85 189.32] .72 42 
Mill No. 17, lowa......-. 14.20 115.6 | 8.50} .&5 |75.40 | .58 | .47 |18.2 | 9.91 . 99 |87. 87 68 55 
Mill No. 11, Missouri. ..|10.92 |18.3 | 9.28 | 2.32 |75.68 -88 | .92 |20.5 |10. 40 | 2.61 |84. 97 99 | 1.03 
Mill No. 23, Missouri. . .]12.53 |14.3 | 8.13 | 1.68 /76.28 | .79 | .59 |16.3 | 9.29 | 1.92 |87. 22 90 | .67 
Maximum......... 14.20 |18.3 | 9.28 | 2.32 |76.70 |} .88 | .92 |20.5 |10. 40 | 2.61 |89. 32 99 | 1.03 
I bboth ech b hates gees 10.92 }14.3 | 7.41 . 73 |75. 40 58 | .36 {16.3 | 8.63 85 |84. 97 68 42 
AVOTAPO ose ethos. 13.18 |15.9 | 8.16 | 1.29 |76.18 | .70] .54 /18.3 | 9.38 | 1.47 |87.73 80 62 
Brewers’ grits: 
Mill No. 12, Illinois... .. 13. 42 {13.1 | 7.78 | .43 |77.60 | .54 | .23 }15.1 | 8.98 50 |89. 62 63 27 
Mill No. 18, Illinois... ..|15.87 |23.9 | 7.75 | .72 |74.63 | .67 | .36 |28.3 | 9.21 86 |88. 70 80 43 
Mill No. 14, Illinois..... 14,11 |14.8 | 7.12) .75 |77.03 | .65 |:.34 |17.2 | 8.29 87 |89. 69 75 40 
Mill No. 41, Indiana... ./15. 63 |15.7 | 7.56 | .69 |75.28 | .52 | .32 /18.6 | 8.95 82 |89. 25 61 37 
Mill No. 22, Missouri. . .|13.80 14.1 | 8.22 | .72 |76.34 | .59 | .33 |16.3 | 9.54 83 |88. 56 68 39 
Mill No. 29, Wisconsin .}15.12 |16.8 | 7.84 12 175.22 | .73.| «387 (19.8 | 9.23 85 188. 62 86 44 
Maxamiurmcee =. - 15.87 |23.9 | 8.22 | .75 |77.60 | .73 | .387 |28.3 | 9.54] .87 |89. 69 86 44 
Miri IN = ee oe 13.42 {18.1 | 7.12} .43 |74.63 ~o2 | .23 {15.1 | 8.29 | .50 |88. 56 61 27 
Average .......... 14. 66 nee 7.71 | .67 \76.01 | .62 | .33 /19.2 | 9.03 | .79 |89.08 72 | .38 


As shown by the analyses in Table 1, grits contain less fat, fiber 
and ash, but more protein than meal of the same mill run, although 
the difference is not always well marked, especially as much of the 
cream meal may be classed as a kind of fine grits. 


SPOILAGE OF MEAL. 


It is well recognized that spoiled corn should not be used for table 
meal and that when good corn is used the corn or the product should 
be dried to insure keeping. Spoilage is most common during the 
spring which is designated by the trade as the ‘‘germinating season.” 
At this season when the whole kernel is ready to germinate it is 
reasoned that the germ tissues in the meal also show a tendency 
toward activity. The relation of season to spoilage is more probably 
that of temperature. Meal should keep through the germinating 
season if held in cold storage. On the other hand, 1t will spoil in the 
winter months if it contains an excess of moisture and is kept in 
warm storage. That the presence of the germ in the meal increases 
the tendency to spoilage has been known in a general way to the trade 
and has been emphasized by Schindler, Black, and Alsberg and other 
investigators. : 

Other things equal, grits keep better than meal, and meal made 
from the horny part of the kernel better than that containing the 


floury part. Evidently the mechanical condition as well as the 


composition is an important factor in determining the keeping 


qualities. 
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RELATION OF MOISTURE CONTENT TO KEEPING QUALITY OF 
DEGERMINATED BOLTED ROLLER-GROUND MEAL. 


These experiments were carried on in two series, the first with ton 
lots and the second with carload lots. The meal used in both series 
was ground during the month of May, 1913, at the mill of the Ameri- 
can Hominy Company, Terre Haute, Indiana. Each lot of meal was 
divided into two parts, one of which was shipped to Savannah, 
Georgia, the other to Chicago, Illinois. At both places the meal was 
stored in public warehouses designed for products of this nature, 
sample bags bemg withdrawn from month to month for chemical 
analysis and tests as to quality. The analyses of the meal as ground 
were made at the Chicago Food and Drug Inspection Laboratory, as 
were also the analyses at the end of each period of the meal stored at 
that center. Analyses of the meal stored at Savannah were made at 
the Government food laboratory located in that city: In addition to 
the usual chemical determinations, the general appearance of the 
meal and the taste and flavor of the mush prepared from the meal 
were noted. 


STORAGE EXPERIMENTS WITH TON LOTS OF MEAL MILLED MAY 7, 1913. 


DESCRIPTION AND ANALYSES OF THE MEAL AS MILLED. 


Five lots of 1 ton each were milled to contain percentages of mois- 
ture ranging from 11.41 to 16.86. Since the corn used, owing to the 
good quality of the crop of 1912 and the lateness of the season, was 
quite dry, the meal ground: without any drying whatever (lot B) 
contained only 15.04 per cent of moisture. In order to secure one lot 
with a higher moisture content, such as would have been present in 
undried meal milled earlier in the season, water in addition to the 
amount usually employed for tempering was added to the corn. In 
this manner the percentage of moisture in lot A was raised to 16.86. 
It was recognized that meal thus prepared was not strictly compara- 
ble with that made without the addition of water from corn with a 
higher moisture content, and due allowance was made in interpreting 
the results. 


TaBLE 7.—Composition of ton lots of degerminated, bolted, roller-ground corn meal, 
- containing different amounts of moisture, as milled May 7, 1913, for use im. storage 
experiments. 


al - f 
Mois- | Acid-| Protein | a+ Nitrogen-|cyuge 


Product. ture. | ity. | (NX6.25). whe ng «| fiber: dees 
‘Per Per Per | Per 
Meal as- milled: cent. Per cent. | cent. | Per cent.| cent. | cent. 
Lot A; undried, water added...2:-......./.- 16.86 | 14.7 65,5370 75.13 |. 0.49:) 0.28 
ote Un Oned eee es. fee ase eee Pet stees 15.04 | 14.0 6.50 | .94 76. 65 BOD .35 
EOneamMediint Qricde-s ss e 13. 41 14.1 6.69 | 1.05 77. 87 . 59 a3h) 
om emedium: dnied=. =e -seeeae ae 13.27 13. 4 6. 66 . 80 78. 32 . 59 36 
op Bohivn driedt 22262 2st 2a weies| LR AEY 1159 6.72 | 1:32 79.47| .62) .46 
Moisture-free meal: ; | 
ot-Aundried, water added -.-22-.- 2222-22). ese TE 7. 85 . 86 90. 36 . 59 34 
OLB UNOTIC ee ens Sea je arta <n wiay-o |= ee 16.5 7.65 | 1.11 90. 22 -61 -41 
Boing medium ried esas es ee | ee 16.3 tef30| Lozi 89. 92 . 69 -45 
HCOGED MEGIUMIGLICd soe sce ee eee ee | eee 15.5 7. 68 . 92 90.30 | .68 -42 
eo tipi dried) cae. te es ee 13.4 7.58 | 1.49 89.71 |} o704l eee 


COMPOSITION OF CORN MEAL. Ly 


Lots C, D, and E were dried to different degrees, the meal contain- 
ing 13.41, 13.27, and 11.41 per cent of moisture, respectively. It 
should be noted that lots C and D contained practically the same 
amount of moisture and might be regarded as duplicates were it not 
that lot C was somewhat richer in fat and therefore more susceptible 
to spoilage. 

Part of each lot was packed in 100-pound and part in 25-pound cot- 
ton bags, the weight in each case being accurately determined by 
standard scales. It was beleved that the gain or loss in moisture 
during storage would furnish useful data in connection with the net 
weight amendment of the Food and Drugs Act, as well as for the 
special purposes of this investigation. 


SHIPMENT AND STORAGE. 


Shipment was made to Chicago and Savannah in ordinary freight 
cars with the larger lots of meal of the next series of experiments. 
The warehouse in Chicago was several stories high and of fireproof 
construction. The windows admitted some air but little sunlight, 
and the temperature responded slowly to outside changes. The 
Savannah warehouse was three stories high with board floors, and 
was exceptionally light and airy, the temperature of the air within 
and without being practically the same. Each lot of bags was sep- 
arately piled, care being taken not to allow those with an extreme 
moisture content to come in contact with one another. 


ANALYSES AND TESTS OF THE STORED MEAL. 


The results of determinations of moisture, acidity, fat, and protein 
contents made at the end of each four weeks’ period are given in 
Table 8. This table also gives notes as to the physical condition and 
permits comparison of the loss in weight and loss in moisture. The 
same general results were obtained at both Savannah and Chicago, 
and with both 100 and 25-pound bags. 

Moisture.—Lots A and B show a steady loss of moisture and lot E a 
steady gain, while lots C and D remain practically constant. The 
changes in weight in most cases follow closely the changes in moisture. 

Acidity.—Lots D and E in no case reached the limit 30, and lot C 
just barely reached that limit after several months’ storage. Lot B 
slightly exceeded the limit after 16 weeks’ storage, and lot A exceeded 
the limit in 12 weeks. 

Fat.—There was no marked change except in ee case of lot A 
where the percentage of fat diminished as the acidity increased. 

Protein.—No significant change took place. 

Taste and appearance.—Lot Ay was found to be musty after 20 weeks’ 
storage. No deterioration was detected in any of the other samples. 
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TABLE 8.—Analyses of degerminated, bolted, roller-ground corn meal containing different 
amounts of moisture, showing changes during storage; ton lots, milled May 7, 1913. 


Stored in 100-pound bags. 


Product. Change | Taste 
Mois- Acid- Protein Fat Change in | and 
ure ity. 7 : e 5 
B.. |XXE5). (°° | eight] mae aa 
Meal stored at Chicago: Per Pers Per, Per 
Lot A, undried, water added— cent. Per cent. | cent. | cent. cent. 
Wihen'tmilled: 222-2222 sees ee See 16.86 | 14.7 6.5331) O87) |e ee ee Good. 
Stored 4 weeks.......-- rides ating Sheree em LD i2aleee0oD Nacocsce aces 74 | —0.50 | —1.14 Do 
LOTEG: Sivweeks! 4-2 2t ek see shee 15.90 20.10) |seaoemaaecc 67 | —1.47 | —1.36 Do 
LOTEM UO WeEKS = 0 oo: as Soe ek oe DR SGP) | BUM Bes ceemocer 65 | —1. 83 | —1.34 Do. 
SLOPE Giweeks = 220... 22. eh “Ase es pL CAT IR BAe epesec acter 42 |} —2.79 | —1.94 Do 
BUALod ZOMV CEES 29.21 2 ane = eas 3 14.75 | 44.3 6.37 39 | —2.51 | —2.11 | Musty 
Sipreds24 weeks: 5.2 so co tease... 14.24 | 39.3 6. 81 44 | —2.96 | —2.62 Do 
Lot B 5 undried— 
Wihenimilled=- 2 25: 5225s ake sae 15.04 | 14.0 650 (| -.94 sn. See eee Good 
SS LOregtanveecks..2. 35.5 Sse et ee ee L4 DY A A855 | os225222 -95 |} — .12 | — .47 Do. 
STOLEOISIWCOKS Sosa cn eee ee aes 14. 61 Ay (9 eae a .93 | + .28 | — .43 Do. 
BLONGGs I 2iweeCKksS<2 | 2. aoa cee ee 4 S78" WO 2850 Sees ec eose -97 | — .33 | — .26 Do. 
SLOTEG. LO weekS....<%.o-o2 odessa: Lea 20ST Al ces cee -91 | — .06 | — .62 Do. 
Stored: 20 Weeks. 922.22 Sees ea 14232 colo GS3Si leon. |p coe — .72 Do. 
SLored 24 weeks. -...0.2.82 24 zee sees 13597} 3150 6. 50 YEN Baer dic —1.07 Do. 
Lot C, medium dried— 
Wynermiled 2) 2.2 225 esse ee ae tS 13. 41 14.1 6:69) 1 22050 |S eee Do. 
DSLOLEGISWECKS = oo oka e nae oases ee 1S SS OT LS Oana see 1.03 | + .15 | — .02 Do. 
SLOTEO Si Weeks: 2.2 > coc e+ eens ee i Ey hd h PAs ae 5 2 1.08 | + .10 | + .16 Do. 
STOTEGLUSIWOCKS oo oe et See 132983) )-28.0 | 2s-eee ee 1.11 | + .18-] + .57 Do. 
SLOreG eG weeks. 20. Aes sce: Se ee Fe je BU | es Pel es ame 1.02 | + .26 | + .24 Do. 
SLOTEGIZO0 WEEKS: -:- oon — eens sae 4 13.76 | 29.8 OVS VsO2' |secemae + .35 Do. 
Siored'24 weeks: -3 5. ese 58s sea ele dS OOK 2954 eee 4 ey ba SCOR Fal dese + .09 Do. 
Lot D, medium dried— 
Wihenmilled 2.322... 22.5 2h e Sao es 13527)|_ 1324 6.661) $802 2255) eee Do. 
SLORGG ML WeGKS foe ees ae Sees AS ES TIN LOA least ene oes .76 | + .12 |] + .10 Do. 
SLOFEOIS WEEKS e-store PBR) ee Oe OR Rasdasee as US2u| Seen + .40 Do. 
SLOredchs BVeCKS: 2.2 oc ee sees ger fei) bes eee 80 | + .63 | + .59 Do. 
pLored 16; weeks... . <6. = seh so sn ee 1S DO sos) |eiiclersicie ore 19: |S sce + .29 Do. 
Stored 20 weeks. ....-.--- See ee aot 13558) 1) 320-0 6.65 |° .73 |-+ .22) + .31 Do. 
SLOPE. 24 WeCKS se teen ee 1SESONe old 6.72 | .74 |] + .31 | + .09 Do. 
Lot E, high dried— 
iWihentmilled®). 252222 = Pee ess 14-419)" 11.9 63°72) 1, 323s eee | eee Do. 
Stored) 4 weeks. ooo) sk eee ao pA aye! | aE Re el es a 1.30 | +1.12 | + .74 Do 
STOLE SiWEGKS ete a eee 12. 58 197 O Nook ce ocee 1.32 | +1.45 | +1.17 Do 
Sroredsl 2 weeks! - Sc se eee ee oe PREY POR OY eee ee = 1.30 | +1. 74 | +1. 46 Do 
SLOLCGIIG i WeeKS 35> ae ee ees 1 AES | DEY An eS Bie 1.24 | +1.94 | +1.14 Do 
stored'20 Weeks... 2 ee cere tee 12.80 | 24.3 6:'66 [01297 | eee eee +1.39 Do, 
SEOLEOS WEEKS. 25s occ eee see cate 12: 637) 23.2 6.69 e)eb 25ee eee oe +1. 22 Do 
Meal stored at Savannah: 
Lot A, undried, water added— 
Wihemmilled: = 52-8--s seer ee ese 16.86 | 14.7 6258) | NTikds. Secale eee 
Stored 4:weeks. . [22.-ssscseteecocne. 14.92} 27.0 7. 06 66 | —2.50 | —1. 94 
Stored (6 WeeKS:....-.=- ose o aseee ees cs 13.:48/4- 30:0 6.92 | .70 | —3.00 | —3.38 
SLOLEOS 2 WEEKS. S... seen Ue ioe = se IZASH SIO 6.83 | .56 | —3.45 | —3. 68 
Stored 16 weeks... <.-. 222-s22/-252:-- 13.21°} 33.1 7.00 53 | —3.81 | —3. 65 
SLored 20i weeks: 22.00 0255 ee eh eco. 13. 76 26.5 6. 94 59 | —3.38 | —3.10 
Storedi24weeks4 6 3.052 Sane ee 13.85 | 26.0 6.74 49 | —3.77 | —3.01 
Lot B, undried— 
Wehenswmilled 2-22-22 p ee essere: 15045) FAS Or fb “e+ GL DONC RG4 oie eee 
SLored 4iweeks... 52220 - eeehnoe a st 14. 25 2452 6.75 7) 5964 — .3f 9 
StorediS weeks2 5. 2ie Sos he Ene 13.04 | 25.0 6.66 | .98 | — .94 | —2.00 
Stored |? weeks. - <'22--- 2 =e w= 12. Tie} 52620 6667101 Ole |ss2e- —2.27 
Stored: 1Giavecks2./42 2-42 22t sae 12. 864 32:8 6.57 | 94 1 1537) —218 
DLOTEO 20 AVCCKS | cee noe meee 138.54] 24.5 6. 75 96 | —1.28 | —1.50 
stored 24 weeks. «2. 22h: eee ees AS youl 25.5 6.64 | .94 | —1.56 | —1.31 
Lot C, medium dried— 
when: milled =o... 2.2222 te ee 13.41 | 14.1 GH69 "| sO b si eee oes 
DLOTEC )42W CORS ce oe os oa tae ee 2 13.10 | 24.0 6.75 | 1.03. | —3.75 | — .31 
Stored Si weeks. -/2. = 222 Peas: 1225 As 24.10 6.66 | 1.05 .62 | —1.16 
StOredsl a weGksS >= so. se 2. eee eee 125049) 22355 6.92 | 1.13 .96 | —1.37 
Stored 16 weeks. = -o2c oases 12.59 | 31:9 6.97 | 1.05 | — .79 | — .82 
SLored:20 weeks..22.%2-e ere eter cea 13. 46 PASH 6. 83 | 1.07 -38 | + .05 
Stored’ 24 weeks =... 222 eee Ss Je-- 13.22 | 24.0 6.91 | 1.13 | —1.11 | — .19 
Lot D, medium dried— 
Wihenmmilled. 3.22522 soe sereeeoeesi. 3 132734 43,4 6.66 V3 80a eseeeeee 
Stored4: weeks. -:< - 222 sse eee oe = 13°15))) 20:0 6.87} .89}+ .19| —.12 
Stored Siweeks< .2.= 2. ee 12.56 | 20.0 6.66} .79 | —.25] — .71 
Stored 2: weeks: -2.2 22220 eee ees = Pee BL | Faby) 6.83 | .87].— .19 | — .&4 
Storedit6-weeks_2 5 22: SSS eee 12.83 | 25.8 6.62 | .77] — .19| — .44 
Stored’20 weeks. ...<...2-5.-2-t8t ao. tee 13.08 | 19.5 6.66 | .75 | + .34| — .19 
MSLOTEH 24 WECKS® -o.5 bok seat ee sein 13:15) 1852 6.74 | .85 |] —1.61 J-— .12 
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TaBLE 8.—Analyses of degerminated, bolted, roller-ground corn meal containing different 
amounts of morsture, ete.—Continued. 


Stored in 100-pound bags. 
Product. J Change | Taste 
Mois- | Acid- | Protein Fat phone in and 
ture. ativan GND 6:20) etl amar - +, | mois- | appear- 
weight. ture ance 
Meal stored at Savannah—Continued. Per Per Per Per 
Lot EF, high dried— cent Per cent. | cent. | -cent. cent. 
SPM Tot ey at iat Wg 0 lee ers ee ee ee ae 11.41 | 11.9 54a et Re ee eS ellac ace Hae 
MILONBOMAEWOOKGHi: toners cic reticle vate 11. 89 19.0 6.55 | 1.25 | +1.13 | + .48 
MUOLCWES WiKi ia eee sc cick een Gs ee ian 19.5 GISOF lS OM eee + .10 
MEOLEMMe WEEKS. tr. 625.0056 Ih oyaye | PAOS a) 6.75 | 1.37 | +1.38 | + .14 
NLOLOGHUOMYWOEKS i once eer oo" 12. 66 25.9 6.79 | 1.29 | +1.34 | +1.25 
RS HOLCOMORWE CGH ocr imue tiene cS TASC 12. 78 19.5 6.79 | 1.25 | + .34 | +1.37 
STOLEUPAIaWPOKS: - 0 eS ee. 12. 56 20.0 6.64 | 1.385 | +1.78 | +1.15 
Stored in 25-pound bags. 
Product. Change 
Mois- | Acid- | Protein | p,, [Bamse| in” 
ture. Tbe UN 6:25) i weight. piel 
Meal stored at Chicago: Per Per Per ie Per 
Lot A, undried, water added— cent. Per cent. | cent. | cent. cent. 
RWahterapranl Te chew oe 4 nit DE en eee Poh 8 it Bo 16. 86 14.7 6553) OF 7M | eee Me ee cna 
SHONEC NECKS mah Te enn es ol Ye 16. 00 QO Oi fara 52) ree .70 |’ —1. 04 —0. 86 
SHHOVHE(GL te) SHVEVET SS Chae el a Se ee 15. 39 DOM lace eno ae 72 |.—1. 83 —1. 47 
SHOLEC cl EMO KG e- Seyor 2s See emeic ee 15.16 pa Ea 3 1d Wen een .73 | —2.61 —1.70 
ROLE GELORVZECK Seem aa es ee me eerie 14.37 B28 Oy ae Has ea Wo -59 | —3.26 |, —2.49 
SHOLCOU A RWIECKG see tec eles flee La Yee 14.30 Bile Z 6.88 | .60 | —3.59 —2. 56 
SHONCONA SN WOE KG ae cee coe co tem ee EE OL, 13. 84 32.0 6. 91 . 63 | —3.39 —3. 02 
Lot B, undried— 
Veiner CC ts Cee 2 Po 8 04 14.0 6. 50 QA |i 5. fore el mal rey 
SURO HENG Leh CLES ie ee a ee have i gad ec ag aaa 14,52 eBid ieee ian 97 | —-.26 — .52 
MUORCO AS aWiCC KS wee ss es be oy I 14. 52 DAMS Wee alee age 90 | — .39 — .52 
VOLE CM ARCO SMe ceere take ae Ne ee 14.55 Q8E on Stee ae ee Ol} — 265 — .49 
SPOLEGe OUWERKSE ee ee eee rk Be le 13. 78 SOR alee a eres rs 89 | —1:31 —1.26 
Sia etal AO WCE a 2 es Seer eee ee ee es 13. 89 29.6 6. 47 94 | —1. 50 —1.15 
SHORRGISO4 BWC RS acetate Sat a) Si) 13. 64 30. 2 6. 69 93 | —1.57 | —1.40 
Lot C, medium dried— 
\yidoveray tamil GG Lee 5 cere ces ear aie et ea 13. 41 14.1 CGN SSG Ui Mest Oy) eS al ee 
SPOLCULA WECKS IEE se teenie eee eae 6 oc 13. 44 IRs Mies eee alee 1.03 | + .73 + .03 
Stored 8 weeks.--.--- Ree ree em aeh ok yews sil ales ye 13. 67 PRON iGturstier a actons 1.06 | + .59 + .26 
PIHOLEG el eiWiCEKS femme t ghey et el oe 13. 88 28AO eee ae te 1.10 | + .65 + .47 
DLOLCOEGAWECKS ae sacle ee en Pk See a Ns 13. 51 DR ole eres al 1.02 | + .13 + .10 
SHOTGGL ADS CSG AOS ee ea ema ete 13. 47 29.8 6.72 | 1.02 | — .06] + .06 
STOLE GEDA RICO KIS eon nes eens Weta used 13. 22 30. 0 6.75 | 1.01 | + .59 | — .19 
Lot D, medium dried— 
Wasi Tavera) roma eyo [= es pel Spee ne eae Re en ae pa IE Oye 13. 4 6266: We 280) nen |e aint 
PIGLGG  AWVCRKSE o225 RS JIG ie ete lS, 13. 38 LOOM sees ee 80 | + .78} + .11 
POLCU RS WOKS mie ca ee cise Ms ewte eek See IBY Yi 10) 54 0) ee a Ela -75 | + .26 + .30 
DUOLEG el DaWweekstrr b= Skee eo lelves eo ae yal SUL O)E ets eins OO oe -8l | — .07 + .44 
DOLR MOO MWICE Sie aa sree ee a e203: PB i sea ee Sore = Ge — .04 
NOLOGSZUAVCCKGL ase ee eet EE eh oe 13. 42 2343 6.66 | .81 S20: 
MLGREGRZ ORE KSr Mee chetitg he ees sere ls 13822 22.0 6.97 | .74 |] + .20] — .05 
Lot E, high dried— 
TUT Te 25 oe Tea tng 6. 72 Ale 3a) | nem I ce 
STORE 4) WiC COS Se Bee sane ee a em of 12. 22 POHOM awe ey ae 1.29 | +1.30}; + .81 
DUORCGIORVECIES Memes acces 12.68 TOMO) | et eeiGe ees 1.22 | --1.50 +1.27 
SUGHEGEZ WECKSEr aa 24M cic ie ee 13. 08 DBS Oe Nes ie tS 1.36 | +1.37 | -+1.67 
pLored 16 weeks! <. 22-2225, 2. pone Ee Mas 12. 66 DOeNiA\ hie: oct sear lane 1.24 | +1.31 +1. 25 
PLOredscO WiGekSiieee = toe ee A i ee 12. 73 24.3 6.59 | 1.30 | — .46 | +1.32 
SURO OPA WEEK Gh ieee toe ee ee. eye 12. 56 25. 0 6.59 | 1.28 | +1.95 | +1.15 
Meal stored at Savannah: 
Lot A, undried, water added— 
SVE a SEE RON Nala A i 16.86 | 14.7 Gib 3y lin aezllatero etiam (Rac ey 
SLORCOMIDWEC KS eee ae Oe sees on ee 14. 96 29.5 7.06 | .62 | —2.47 | —1.90 
SS OREURSEWICEK Se eek ems cl. ete ee 13. 33 28.5 6:92} .65 | —3.78 | —3. 53 
GLC MIC RICOKSE, Bie toc cocci at Sones 2 nite 13. 06 31.0 6.92 | .60 | —4.29 |- —3.78 
SHOLCGMIG WCEKSH jon 8 32 ook cS 13. 46 34.7 6.73 48 | —4.17 —3. 40 
LOLCG PUBWICEKS ees cee Com tae 14. 06 28.5 6.66 | .48 | —3.90 | —2.80 
ROLE A VOOG a pipe rama fe le Saw ee pay oe we ees oe Sh ee Se Te SIS SEs |e Zee ee Sear | ete epee ee 
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TABLE 8.—Analyses of degerminated, bolted, roller-ground corn meal containing different 
amounts of moisture, ete.—Continued. 


Stored in 25-pound bags. 


Product. Change 
Mots. Acid- earn Fat a a in 
ure ity (N X6.25) = mois- 
weight paren 
Meal stored at Savannah—Continued. Per Per Per>| Per 
Lot B, undried— cent. Per cent. | cent.| cent. cent. 
Wihen milled ete ascent en eee cence ye 15. 04 14.0 6350) | OxO4: |S = sees eee 
DB LOLEU MA sWeCKS =~ oer eee eases ae ee 14. 09 24.0 6. 69 033) — teal ON9O5 
SPOreOtS weeks i= sce ee mt ey es 12. 83 25. 0 6.66 | 1.03 | —1.76 | 2.21 
BLOLCO (hs MUCOKS ween es. cclna® Senn eae aes See 12.39 26.0 6.75 |-1.00 | —2:08"| —2565 
BLOFGH GRC hss eee ae sen ee seen aes 13. 69 SIey 6. 69 OF |=—5: 47a ie 
SbOlcdeoO WeChSe. aoa senses roe 13. 88 2325 6. 54 95 4° —1- 86) =e 
SLOFEOS2S WEEKS Se. i seen acces eR nia | eeieiole wien [o's omic orale eciercaeiee ess | Sere | Gee Eee 
Lot C, medium dried— 
Wakeman led Strain opt es Sm las hore Se ee oe he 13. 41 14.1 669" 1505) |es eee | eee 
DTTC CC RS on Ser ce ce ae eee 13. 27 23.5 6.73 (205-1 Sb 2el eee 
iOreG SAWCCKS EO oe ois nee toe eee 12523 2352 6:70 |-12.00:)-—1579) aes 
DOTEOULDIWEOKSS sate 2 ee eke omens jee meee ae 12. 02 Zone 6.75 | 1.10 |} — .37 | —1:39 
SLOLGGs G6hWeOkS 8.62 2c aoe. eee semicece } 12.89 30.0 6. 7L.]-1..105) —: 2.008) = — 2852 
IMECHE ZOIMCOKS Sot Mein ye fata c ne aie re 26.5 6.83 | 1.05 | + .07] + .32 
StOredtogaweeks® 26. ecco 2s sec atin erate oe [eee tcc |eieww cee seo cen et cios| aoe coc] Bene nee See 
Lot D, medium dried— 
Wien i leG ease eras es eee eS eee oe 13. 27 13. 4 62665]'> 80) eee eee 
SS LOTEOIASWECKS == Soo snare foe enn ease tikes 13.13 20.0 6. 81 .82 | — .65 — .14 
LOTEOESAWECKS we a Soc ect oe eros eee iD EVAL 20.0 6.83 | .85 ; — .65 | —1.06 
NLOLEO SI OLWERKS go as cae. as eee See 12. 26 20. 2 6.92} .85| —.78] —1.01 
SILOREGRIGSWECKS2.{ sie onic oc oe ee ee woe we 13. 60 2380 6. 53 81 | — .58} + .33 
SSTOTEGS2ULWCEKS2 5) 355 Jo) Bas i A noo eto oe tie 13. 69 18.5 6. 66 81 | — .26] + .42 
plored 24 weeks .26 3. so 255 2 Sees Re ee eet i eS oe eee eee 
Lot E, high dried— 
WWiRGRE NTE Gates Ser hae ee es ee ee ey ee 11. 41 11.9 625722) Vo82 Nes eases | eee 
SLOTCON4AWCOKS® So cceior ss Be feta i: seen 12.18 18.5 6.50 | 1.31 | + .39 + .77 
SYLOTCONSEW OC KSc no oe Re el en SS ee 11.32 20. 2 6.44 | 1.33 | + .91 — .09 
Storedet 2 weeks. 254.55 ee eae ge eee 11. 62 20.0 6.56 | 1.33 | + .80] + .21 
SLORCGTLG -WeOkKSe So ccce oes ee ee 12. 81 24.8 6.71 | 1.34 | +1. 04 +1. 40 
SS LOLCO 2UaWCOKSe a se see ee ae ree San ee 13.10 21.0 6.54 | 1.34 | +1. 50 +1. 69 
SLOLEC24Gweekss c2e i Ns ae a ae Bees Been ss RRR foe eed SSS [loc 525 


STORAGE EXPERIMENTS WITH CARLOAD LOTS OF MEAL MILLED MAY 23, 1913. 


DESCRIPTION AND ANALYSES OF THE MEAL AS MILLED. 


This experiment.was carried out with carload lots (40 tons) of 
undried and highly dried meal. The meal was packed in 100-pound 
cotton sacks. As it was impracticable to mix thoroughly all of the 
meal of each lot, one ton (20 bags) was taken out for subsequent 
sampling, turned over on a floor with a shovel until uniform, and 
rebagged. One of these bags furnished the sample at the end of each 
period at each of the cities where the meal was stored. In both the 
cars and storage warehouse these sample bags were kept in the middle 
of the pile with bags of the same lot on all sides. Analyses of the 
meal when milled appear in Table 9. 


TABLE 9.—Composition of carload lots of degerminated, bolted, roller-ground corn meal, as 
milled with and without drying, May 23, 1913, for use in storage experiments. 


Nitrogen- Crude 


Mois- | Acid-} Protein 
Product. = ae | fed EY free Ash. 
ture. | ity. | (NX6.25). extract. fiber. 
Meal as milled: ‘P= Cts Per cent. \-P.ct.\ Pericent.-| Pci |-eack 
Wo tpAMUndriedies 522832 onsen eee oe 15730 One, 7-12 |- 1:02 ToL 07515 | OAS 
Woe ehigh dried pet... a eee ee 9.86] 13.0 7246-116 80. 37 . 67 -48 


Moisture-free meal: 
OTA UNGrICG) 2-2 Sees eros ce eae eee ee| setae 19.2 Sr45u eo 89. 22 - 61 Sail 
Moto high dried 252-8 os Sake eee ees | oe eee 14.4 8.28 | 1.29 89.16 74 G3: 
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SHIPMENT AND STORAGE. 

Each lot was divided into two parts and the two half lots shipped 
in the same car with the meal of the preceding experiment to Savannah 
and Chicago, where it was stored as already described. 

ANALYSES AND TESTS OF THE STORED MEAL. 


Determinations of moisture, acidity, fat, and protein were made 
at intervals of four weeks. The changes in weight, taste, and ap- 
pearance were also recorded (Table 10). 

Moisture.—Lot A showed a loss in moisture which was somewhat 
ereater in Savannah than in Chicago, due either to the hotter climate 
or to the nature of the warehouse, or both. Lot B gained about the 
same amount at both places. The gain or loss of moisture was prac- 
tically the same as the gain or loss in weight. 

Acidity —Lot A reached the limit 30 in 12 weeks at Chicago, and 
in8 weeks at Savannah. The acidity of lot B after 24 weeks was only 
21.8 and 19.0, respectively, at the two cities. 

Fat.—The percentage of fat in lot A slowly diminished in both cities, 
but that of lot B did not change perceptibly. In all of the experi- 
ments, whenever there was a great increase in acidity or spoilage, 
there was a diminution of fat, due doubtless to the formation of ether- 
insoluble oxidation products. 

Protein.—The changes were insignificant. 

Taste and appearance.—In no case was there evidence of spoilage, 
even at the end of the experiment. 


TasBLeE 10.—Analyses of degerminated, bolted, roller-ground corn meal, milled with and 
without drying, showing changes during storage; carload lots, milled May 23, 1913, stored 
in 100-pound bags. 


Change} Taste 
i” 


Protein |Change ad 


Product. : Fat. in 
ture. ity. (N X6.25). weight. pet appa 
Meal stored at Chicago: 
Lot A, undried— 5 Ee Cts Pech. Per cent. | Pacts | Peck : 
livia ear LEG ae 2 eae eee et ee 15.73 | 16.2 | 1.02 Rn eae ae al Good. 
BIOLEG AI WECKS oe ceat aso Salas elon ae LaF 222 O ie SOR Te se TAS 0533) F005 0 
BPOLCO SMV CORKS <0) 2 3 W) ocreois cine owen a = = 15.68 | 28.1 1/5 ae eis e864 05h ae Do 
BTOLCUMIONWCOKS er ins oe ee ete wines LOF4 aA 382-27 sOOM ak aers else — .48!| — .29|] Do 
STONE OM GnWeOKSEr erence eee. 14.70 | 40.7 ASE \oeaais cite ste — .93 | —1.03] Do 
STOLEGECOMWICOKS Rese ee see oe 14.53 | 40.5 81 7.19 | —1.39 | —1.20! Do 
RIGOLEGs CANWCOKS ote) = oie alaieye 0 cia we = opel 14.20 | 42.4 74 Vepd eel (| METERS? || Taye; 
Lot B, high dried— 
aerenpral disse Ro vr 52252 9.86 | 13.0} 1.16 WAGs hs oe oe eae Do 
BPOLEUS WEOKS a. s saci - oe besa - OE9OR P5506 oT Sas, Bee 4a S6) |S Ot | ee 
STOLECIS wee ks eat. oA kt ee ue Me eek NOSSSin awl (eichin tele Life Wereracysrevsve cto: -95 | +1.02} Do 
STOLGGMLe WiCOKSie ene chs ee snlcloa OF GA eel Sins-1| ele Douleeians me +1.12} +1.08] Do 
STOTEOS! GhwGGkSe eo moos see cise ees AWISLOY/ | yi (ala 7/| eee ee +1.48 | +1.21] Do 
SUORCORCURWCEKSME cine some Gee 11.20} 20.8 | 1.16 7.43 | +1.39 | +1.34] Do 
SORE CEA aw COOKS hc wccteto ans sence 10.96 | 21.8] 1.18 7.53 | +1.37] +1.10] Do 
Meal stored at Savannah: 
Lot A, undried— 
Vee MTG Ue 2.) Meek ooo: 15.73 | 16.2 | 1.02 SO aera Do. 
STORCCIARWCCKS =) se 5 Seale cs ule! 15.35 | 24.0] 1.06 6.87 | — .51] — .38] Do. 
STOLE GEOR WCOKSie ne coe eu fr ao 145167) 138225) ..99 7.10 | —1.08 | —1.57 | Do 
LOL Oe LOR W.COKS ae te ce LE ee ok 13.53 | 32.7} .92 7.01 | —1.80 | —2.20! Do 
STOREG SG: WEEKS ose) ties Sek Oreo hate clove 13.70 | 32.8] .91 7.31 | —2.30 | —2.03 | Do 
SPORE OLCUOWEEKS sors a clae oeeecicecete sos 13. 50 29. 0 . 84 6.91 | —2.83 | —2. 23 Do 
PILOLEU SPAT WEEKS Soci. oes ole ote ee ee 13.23 | 32.0] .90 7.00 | —3.55 | —2.50 | Do 
Lot B, high dried— 
use heated ss Fao oo Se cise ok ek 9. 86 13.0} 1.16 ak EYE Pesce aieteas 521 Do. 
DONC URAaWEC KS oe tee ook oo ok wtoretaie one 10.25) 15.0} 1.33 7.51 | + .48 | + .39 | Do. 
PSUOLGGSaWECKS) nica t= eee Se see ol coe: 9.75 | 18.0 | 1.30 7.53 | 1.23 | — .11 ' Do: 
SOREG) TD e's ee 10.30 | 19.0} 1.29 7.58 | +1.36] + .44 Do. 
RT LOLOCMGAW.COKS han eee fae ete oe 10. 74 LOR Sr We 20 7.56 | + .98] + .88 Do. 
SILOLEGsO0 WEEKS .Aecibc sone e ents s. US 22 6s) fol 27. 7.26 | +1.86 | +1.36] Do. 
Stored 24 weeks.......- SOE ICS see 11.10 19.0°} 1.23 7.18 | +1.65 } +1. 24 Do. 
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COMPARATIVE KEEPING QUALITY OF WHOLE-KERNEL STONE-GROUND 
MEAL AND DEGERMINATED BOLTED ROLLER-GROUND MEAL. 


In this investigation a comparison in regard to fat content was 
made of the keeping quality of meal of the extreme types, ground 
from the same corn and containing practically the same amounts of 
moisture. The experiments were carried out in two series, the first 
with meal milled in December, in parallel lots, dried to different de- 
grees so as to contain from less than 11 to over 19 per cent of mois- 
ture, the second with meal ground in April without drying. 

The whole-kernel meal was ground in an under-runner bevel 
mortise-geared buhr mill which was set up for the purpose at the 
Terre Haute plant of the American Hominy Company. The mill was 
adjusted to yield a fine, soft meal, such as is preferred by the southern 
trade, nothing being added to the corn and nothing taken away. 
The degerminated meal was the usual somewhat granular product of 
the mill known in the trade as ‘‘cream meal.” The corn used was 
No. 3 white dent of the crop of 1913. The quality was quite poor, 
much inferior to that of the preceding year, which was exceptionally 
good. It thus appears that in the experiments of the two years the 
extremes in quality were encountered. 

In all the experiments the stream of cleaned corn was divided, part 
going to the roller system and part to the buhr stones. The bags that 
received each kind of meal were numbered consecutively and the pro- 
cess so regulated that the meal of the two kinds in bags bearing the 
same number was from the same corn. As the capacity of the buhr 
mill was much less than that of the roller system it was necessary to 
draw the corn for the whole-kernel meal from the divided stream into 
bags arranged in the proper order and continue the grinding, after 
the cream meal was milled and sacked. 

As in the experiments of the preceding year, it was impracticable 
to mix all of the meal in each lot. Accordingly ton portions were 
taken out, mixed, analyzed, and bagged in specially marked sacks, 
one of which was used for the tests at the end of each storage period. 
Care was taken that these sublots for sampling, representing the two 
kinds of meal of the same moisture content, were from the bags bear- 
ing the same numbers and therefore were comparable not only as to 
moisture, but also as to corn. 


STORAGE EXPERIMENTS WITH PARALLEL LOTS OF WHOLE-KERNEL AND DEGERMI- 
NATED MEAL, OF DIFFERENT DEGREES OF DRYNESS, MILLED DECEMBER, 1913. 


DESCRIPTION AND ANALYSES OF THE MEAL AS MILLED. 


This experiment involved the serious difficulty of drying both 
kinds of meal of each pair of the series so that they should be alike 
as to corn and moisture. As the drying apparatus of the stone sys- 
tem differed from that of the roller system in kind and capacity, it 


) 


COMPOSITION OF CORN MEAL. 938 


was only after repeated trials that suitable lots were secured. A labo- 
ratory was set up at the mill. Here tests for moisture and acidity 
were made on the meal immediately after milling, the remainder of 
the analyses being finished at the Chicago Food and Drug Inspection 
Laboratory. . | 

The analyses in Table 11 represent the six parallel lots finally se- 
cured. It will be noted that the percentage of moisture in the two 
kinds of meal of each pair are reasonably close together, thus permit- 
ting satisfactory comparison of the results obtained after storage; 
furthermore, that the range in moisture (less than 11 to over 19 per 
cent) is sufficiently great to cover the trade conditions. As the corn 
varied from day to day, it was found impossible to keep the composi- 
tion of the meal of the different lots uniform. This, however, seemed 
unnecessary so long as the two kinds of meal of each pair were from 
the same corn and of practically the same moisture content. 


TasLE 11.—Composition of carload lots of corn meal containing different amounts of 
moisture, as milled December, 1913, and used vn storage experiments. 


Whole-kernel, stone-ground meal. 


Product. Moiste leet patter Nitro- | Ging 
oist- | Acid- rotein rude 
ure. ity. | (NX6.25). Fat. pevaree fiber, | 4Sh- 

Meal as milled: nx cbs PEt: BCE CPiCta cine WwlenCts 

TDP LL ATRL TAGs |O e 19.27 | 23.1] 8.56 | 3.26 | ,66.06 1eon|) eO 

Opie yexira lowedried 9.20.5 5. fe 17.25 | 28.5 | - 8.76 | 3.45 | 67.71 Lafond 

LLP Werte es bi ee ee ee 15.71 > 929° 9.00 | 3.47 | 68.95 1.79 | 1:08 

MoO mediimaGricdes. a5. < 5 ~ - se tr 2 13.44 | 21.3 9.16 | 3.71 | 70.42 2.06 | 1.21 

LOE Ds es Gh laa ee eee eee 12.25 | 24.6 9.44 | 3.55] 71.65 1.95 | 1.16 

Moi westmamiphidried sf... oo lee. 10.79 | 21.8 9.82 | 3.71 | 72.42 2.03 | 1.23 
Moisture-free meal: 

Wai Ae G0 Le SE A ey Re 27.6 10.60 | 4.04 | 81.83 2.17 | 1.36 

ME CBEN sO mUis LOW, CTICG ge 22 os foes eon efee = faye winnie ee 34.4 10.59 | 4.17 | 81.82 2.09 | 1.33 

Lot C, low dried... .. Je eA a ee ee es aS 23.6 10.68 | 4.12 | 81.80 QQ is 128) 

One mediimM Gried a... ano ee es | ke 24.6 10.58 | 4.29 | 81.34 2.39 | 1.40 

A Dini Pert 28.0 10.76 | 4.05 | 81.65 D22a\oditon 

Ob oO MOn A Ie ATICME tse: 22 ect oe sles ages|ei = see 24. 4 11.01 | 4.16 | 81.17 2.28 | 1.38 


Degerminated, bolted, roller-ground meal. 


Bee Moist- | Acid-| Protein | ya4 | NiTO.| crude | 4, 
ure. ity. | (NX6.25). (8 ‘fiber: lianeq 


extract. 

Meal as milled: IPACh: PN Ct- JE, O|| Jee PACH eects 
TO GY5 LASS THR ACG DD Cel | Sa eel eae ee ea 19.20 | 16.0 7.38 | 0.67 | 71.94 0.46 | 0.32 
Mob extra lowsarieds. 22.2 eit. e<ccsecoe: UE CAs \h 21k75@ 50) |, 783) || adonOL ShY/ . 36 
HED Ae LOW LGN nae: 6 ee eo oe cee eee soe L525 3:8 (oats otanllt ayn . 56 . 34 
Lo(ole 1D js ren (er lito 01) C6 bina (c(0 Lee LS Selelono. 7.28 | 1.05} 76. 81 . 64 . 44 
UG 1D.S Inn le Moline ee 12.91 | 13.0 (oelel) GOP Ur 763 . 60 . 43 
Motetyexuamich dried. 2.2.2. .25. 3.0. s.i26-: 11 265)(S135,9 7.25 11.06} 79.31 70 . 42 


Moisture-free meal: 


Vindig Suc TOI bE, |e ey ee alee ae arene, I ey 19.8 9.14 83 | 89.06 57 40 
Gis extras LOW. GTICG). 25 2...-.5.-+-.---.|--- Jone eel 9.12] 1.01 | 88.74 69 44 
WAP LOWAOTICO Sn oe aye hot 2 Ae@hSe ses se caefeces Sec 16. 4 8. 76 89 | 89. 29 66 40 
Lie 1D). Testers bebo ceo ie Cs ee ee eel ieee 15. 4 8.45 | 1.22 | 89.08 74 51 
Uyoir LB ate C0 ber (a0 aa Se Sr eee ( 14.9 8.51 | 1.06 | 89.25 69 49 
Momhae xtra Hiphidried 2 3502.25). .2-1|-..--2 52 15.7 8.17 | 1.19 | 89.38 79 47 
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Half of each lot was shipped to Savannah and half to New Orleans, 
the analyses being made from month to month in the Government 
laboratories located in these cities. Each of the three cars destined 
for each city contained two parallel lots—that is to say, two half lots 
of whole-kernel meal. and two of cream meal, representing two de- 
grees of dryness. Care was taken not to allow the two kinds of meal, 
or meal of the same kind with extreme moisture content, to come in 
contact either in the car or the storage warehouse, also to so bury the 
bags for analysis in the piles that they should be surrounded by bags 
of the same lot on all sides. The storage warehouse at Savannah was 
similar to that used in the preceding experiment, while that at New 
Orleans was a large, modern structure of several stories, dimly lighted 
but quite well ventilated. 


ANALYSES AND TESTS OF THE STORED MEAL. 


The analyses shown in Table 12 are the most instructive of all those 
given in this bulletin and show conclusively the superior keeping 
qualities of degerminated meal. 

Moisture.—The lots with high moisture, i. e., A, B, and C, regard- 
less of the kind of meal, lost weight during storage, while the drier 
lots, D, E, and F, in most instances gained. In cases where the meal 
heated the loss in weight was not only considerable but noticeably 
greater than the loss in moisture, indicating that carbon dioxid was 
given off in appreciable amount. 

Acidity.—The whole-kernel meal, even when dried to less than 11 
per cent of moisture, became sufficiently acid to exceed the limit of 
30 in from four to eight weeks and finally reached from two to over 
three times that limit. On the other hand, the degerminated meal 
gained slowly in acidity, the limit being exceeded in sixteen weeks 
only in lot B stored at New Orleans. The highest acidity that was 
reached in the degerminated meal of lots C, D, E, and F, which con- 
tained 15.72 to 11.26 per cent of moisture at the outset, was 30.1 and 
that only after 28 weeks’ storage. 
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TABLE 12.—Comparative analyses of whole-kernel, stone-ground corn meal and degermi- 
nated, bolted, roller-ground corn meal, containing different amounts of moisture, 
showing changes during storage; carload lots, milled December, 1913, and stored in 
100-pound bags. 


Whole-kernel, stone-ground meal. 
Product. ~ yo| Change 
Mois- | Acid- ween ony Fat change in Taste and appear- 
ture. | ity. | (NX6.25).| ~~” re moist- ance, 
weight. ure. 
Meal stored at New Orleans: 
Lot A, undried— Per'ct. Pencia. |\Pences\ Per ct. .|\ Perices 
Wiihenemlletives ot aos 3s 19, 27 ont CHUL 1Gb24), | SEeGeeee Seosesse! Good. 
Stored 4 weeks....-.-....-- 14.73 | 83.6 9.28 | 2.61 | —6.81 | —4.54 | Hot, musty, caked. 
Stored 8 weeks......--.--- 14.56 | 81.2 9.06:} 2.39.) —7.50 |.—4. 71 Bene, caked, 
ark. 
Stored 12 weeks.........- 13:75 ||: 81:0 9.22 | 2.39 | —8.00 | —5.52 Do 
Stored 16 weeks......---- 14.02 | 89.6 8.97 | 2.47 | —7.70 | —5.25 Do 
Stored 20 weeks....--.--. 13. 80 92.7 9.16 | 2.16 | —8.22 | —5. 47 Do 
Stored 24 weeks.......--- 13.50 | 93.0 8.94 | 2.41.| —7.94 | —5.77 Do 
Stored 28 weeks. .....«..- OND Tay P SSsi2 9.25 | 2.39.| —8.67 | —6.00 Do 
Lot B, extra low dried— 
Wihenanilled soc 28.2 USN WIS) Se 7ON| MONA ih ere | cece eae Good. 
Stored 4 weeks.......---- feel c4 A2ZS50 8.72 | 3.49 |. — .34 | — .08) Musty. 
Stored 8 weeks.........-- 13. 70 5.8 9.09 | 2.85 | —5.22 | —3.55 } Hot, rancid, caked. 
Stored 12 weeks........ Sel USL OE Bere 9.16 | 2.85 | —5.27 | —3.65 | Rancid, caked. 
Stored 16 weeks.......--- 13.80 | 103.0 8.97 | 2.92 | —4.90 | —3. 45 Do. 
Stored 20 weeks......-.-- 13. 68 | 107.2 9.09 | 2.62 | —5.06 | —3. 57 Do 
. Stored 24 weeks......--:- 13.45 | 107.6 9.12 | 2.96 | —5.31 | —3.80 Do 
Stored 28 weeks......-.-- 13.19 | 107.6 9.13 | 2.86 | —5.39 | —4.06 Do 
Lot C, low dried— 
When milled... -2:.2..2- Sale aligs Zl 19.9 OOH SRA TES 282: Me coe Good. 
Stored 4 weeks......-..-- 15.18 | 28.9 8.76 | 3.40 | — .27| — .53 Do. 
Stored 8 weeks........---- 150252) 5 4250 9.15 | 3.47] — .59 | — .46 Do. 
Stored 12 weeks........-.- 14.75 | 49.7 9.06 | 3.43 | —1.09 | — .96 Do. 
Stored 16 weeks.......--- 14.94 | 59.7 8.94 | 3.48 | — .73 | — .77 | Rancid 
Stored 20 weeks........-- 13.86 | 86.7 9.09 | 3.26 | —2.31 | —1.85 Bene warm, 
ump 
Stored 24 weeks......-..- L2SS7> 9350 9.15 | 2.75 | —3.51 | —2.84 Dac 
Stored 28 weeks.........- 12.34 | 104.1 9.19 | 2.50 | —4.01 | —3.37 Do 
Lot D, medium dried— 
When milled..........-.- 13.44 | 21.3 PONG ese Galles. al aa Good. 
Stored 4 weeks........--- 13.61 BID Qi? 3855) +237 | + CZ Do. 
Stored 8 weeks.........-- Sez 39. 2 9.06 | 3.62] + .33 | + ..34 Do. 
Stored 12 weeks....-..-.. 13. 68 47.9 9.19 | 3.53 | + .22] +..24 Do. 
Stored 16 weeks.......-.- 13.64] 53.0 8.97 | 3.56 | + .47 | +..20] Rancid 
Stored 20 weeks.......--- 13.56 | 69.5 9.00 | 3.60 | + .52] + .12 Do. 
Stored 24 weeks........-- 13.26 | 76.9 9.15 | 3.58] + .02] —.18 Do. 
Stored 28 weeks.......-..| 12.60 | &7.2 9.19 | 3.61} — .20 | — .84 Do. 
Lot E, high dried— 
Wyhensmilled A242 ee ce) 12525 24.6 (Oise 3 att oY 8 (Dy re | ba tee Good. 
Stored 4 weeks....-..---- 12.43 | 39.0 OF95 163.55) + 11) + 218 Do. 
Stored 8 weeks.......--.- HORS ee OO NO 9.44 | 3.54 | + .14] + .30 Do. 
Stored 12 weeks.....-....- EAs Ol 6 9.12 | 3.56] + .06|] + .22 Do. 
Stored 16 weeks........-. 12548") wils0 9.22 | 3.66] + .34 | + .23'| Rancid. 
Stored 20 weeks.......-. 12.64} 93.4 9.44 | 3.54 | + .45 |] + .39 Do. 
Stored 24 weeks.........- 12.38} 90.2 9.34 | 3.50 | + .25 |] + .13 Do. 
Stored 28 weeks.........- 12.21 | 105.5 G00) 3:00) F306) —! 04 Do. 
4 Lot I, extra high dried— 
z When milled........-.--. 10.79 | 21.8 GUS AS dye le ee as Good. 
P| Stored 4 weeks........-.- 10.95 | 26.8 9762) 113), 727), dee 14 || = 316 Do. 
7 Stored 8 weeks..........- 11.34 | 37.4 9.59 | 3.68 | + .86.] + .55 Do. 
« Stored 12 weeks.........- 11.13] 44.8 9.75 | 3.62 | + .86) + .34 Do. 
y Stored 16 weeks........-- THB Gee 9.72 | 3.59 | +1.14|) 4+ .78 Do. 
¢ Stored 20 weeks.......... 11/5541 72.5 9.81 | 3.51 | +1.44| + .76| Rancid. 
Stored 24 weeks.......--- 11.47] 86.5 9.69 | 3.69} +1.28 | + .68 Do. 
Stored 28 weeks......-... 11.43 | 86.7 9.63 | 3.55 | +1.20 |] + .64 Do. 
Meal stored at Savannah: 
» Lot A, undried— 
When milled............. 19.23] 23.1 AGN eh ln ae | Pees Good. 
Stored 4 weeks....-...--- 14.10] 61.0 8.25 | 2.10 | —7.52 | —5.13 beet musty, 
caked. 
Stored 8 weeks.........-- 14.27 | 69.3 8.79 | 2.40 | —7.27 | —4.96 | Musty, caked. 
Stored 12 weeks.......-.-- 13.77 | 64.0 8.55 | 2.31 | —7.46 | —5. 46 |, Do. 
stored 16 weeks. 22... -. 14.16] 64.0 9.06 | 2.17 | —7.77 | —5.07 Do 
Stored 20 weeks.......-.. 13=60) 77.0 8.66 | 2.33 | —8.27 | —5. 63 Do 
| Stored 24 weeks........-- - 13. 90 77.0 8.66 | 1.95 | —8.58 | —5. 33 Do 
‘2 Stored 28 weeks.......... 12.78 | 84.0 8.84 | 2.11 | —9.29 | —6. 45 Do 
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TaBLE 12.—Comparative analyses of whole-kernel, stone-ground corn meal and degermi- 
nated, bolted, roller-ground corn meal, etc.—Continued. 


Whole-kernel, stone-ground meal. 


Product. Change : 
Mois- | Acid-| Protein Rat Crane in : Taste and appear- 
ture. ity. | (NX6.25). weight. ner ance. 
Meal stored at Savannah—Contd. > 
Lot B, extra low dried— (Renct. Pernct= \Perct.|-Bercts|\Penck: 
ihentmill ede ae se sae ie Zou 28.0 S376 Wish bala eee eee Good. 
Stored’4-weeks..<.- 2-2. 16.51 | 35.0 8.25 | 3.00 | — .71 | — .74 | No record. 
Stored 8 weeks........-.-- 14.44] 74.0 8.51 | 2.38 | —4.08 | —2.81 | Warm. 
Storedsl2iweeks 272-0. 45-- 13. 87 77.0 8.43 | 2.60 | —4.96 | —3.38 | Caked 
Stored 16 weeks.......... 14.24 | 78.5 8.71 | 2.41 | —4.58 | —3. 01 Do 
Stored 20 weeks........-. 13.63) 90.5 9.11 | 2.22.] —5. 48 | —3. 62 Do 
Stored 24 weeks........-- 13.43 | 91.0 8.75 | 2.138 | —6.02 | —3. 82 Do 
Stored 28 weeks........-- 12. 78 94,5 8.75 | 2.15 | —6.27 | —4. 47 Do 
Lot ©, low dried— 
When milled.........-..- 15.71 | 19.9 9100) | Sk47ele ee | sees Good 
Stored 4 weeks.........-- 15.08 | 22.4 8.65 | 3.45 | — .46] — .63 Do 
Stored 8 weeks..........- 14.88 | 34.0 8.60 | 3.40 | — .77 | — .88 Do 
Stored 12 weeks........-- 14.88 | 43.5 8.60 | 3.47] — .90] — .83 Do. 
Stored 16 weeks.......--- 14.48 | 46.0 8.78 | 3.32 | —1.15 | —1.23 Do. 
Stored 20 weeks....-...--- 13.47 | 74.0 9.11 | 3.38} —2.27 | —2.24 | Warm, caked. 
Stored 24 weeks.........- 12.48} 81.2 8.75 | 3.23 | —3.40 | —3.23 | Caked. 
Stored 28 weeks........-- 12.41 | 88.3 8.39 | 2.55 | —4.08 | —3.30 Do. 
Lot D, medium dried— 
Wihenwumnilled=2). :-_2-2n-2 13. 44 2163 ONTO ESS 718 |: eee ee ee ee Good. 
Stored 4 weeks.....-..---- 13.3805)! 17.5 8.86 | 3:70 | + .11] — .14] Norecord. 
Stored 8 weeks........--- 13.48 | 36.3 8.87 | 3.57] + .11] + .04 Do 
Stored 12 weeks.......-.. 13.56} 39.0 8.79 | 3.50} + .21] + .12 Do. 
Stored 16 weeks.......-..- 13. 45 44.0 8.97 | 3.69} + .34] + .01 Do. 
Stored 20 weeks.......... T3522 100s.0 9.11 | 3.80 | — .21] — .16 Do. 
Stored 24 weeks.......-..- 12.99} 70.5 9.02 | 3.50] — .40] — .45 Do. 
Stored 28 weeks........-- 195 545 "e7Gag 8.17 | 3.80} — .71}] — .90 Do. 
Lot F, high dried— 
Wihentmilled S22 2-2 2-3 12.25 | 24.6 mee Eat adatiy peo ee ee ee Good. 
Storeds4iweeks. =. <<... -- TV IS 2) 243 9.04 | 3.60} + .05 | — .43 | Norecord. 
Stored 8 weeks........-.. TON 6751-40-50 8.87 | 3.58 | + .27 | + .42 Do. 
Stored 12 weeks.........- 12.60 | 53.0 S287 | Be728 EL | ee 385 Do. 
Stored 16 weeks........-.- 12.46 | 56.0 8.87 | 3.76) + .58 | + .21 Do. 
Stored 20 weeks........-- 12. 58 1) 9.11 | 3.68 | + .17 | + .33 Do. 
Stored 24 weeks.........- SOLS G54 Batol sare, 9.11 | 3.79} — .02) + .10 Do. 
Stored’28'weeks..... 22.5: L215 99.5 8.53.1 32545), + 2025) — 210 Do. 
Lot I’, extra high dried— 
Wihenanilled= 22.05 22a" 10.79 | 21.8 OF 82 WSs ec ce|nc ese Good. 
Stored 4 weeks....-...--- 10.39 | 17.5 9.63 | 3:63 | + .64 | — .40 |,No record. 
Stored 8 weeks.....-.....- TAO8F)* 3005 9.02 | 3.59] + .98] + .29 Do. 
Stored 12 weeks......-.-.- 11.275|)* 39.0 9.50 | 3.78 | + .92|} + .48 Do. 
Stored 16 weeks........-- 11.32 | 46.5 9.68 | 3.62 | +1.16| + .53 Do. 
Stored 20 weeks.......--- a S| 70.5 9.64 | 3.76 | +1.23 } + .72 Do. 
Stored 24 weeks........-.- TH IGZ Gis ABS) 9.56 | 3.55 | +1.05 | + .66 Do. 
Stored 28 weeks......-..-- 115.54) 838.0 9.56 | 3.58 | +1.20] + .75 Do. 
Degerminated, bolted, roller-ground meal. 
Product. Change 
Mois- | Acid-| Protein | po; Change in | Taste and appear- 
ture. ity. | (NX6.25). weight. nels ance. 
Meal stored at New Orleans: 
Lot A, undried— Per ct. Perct.. |\Perct.| Per ct. |.Per ct. 
Wihenimilleds 22.5 ee 19.20} 16.0 Tfa8tcJe Oat) 4 ese mee oc— Good. 
Stored 4 weeks..........- 195215)) 22:0 7,60 | .60| —0.33 | +0.01 | Warm, musty. . 
Stored: &:weekss-c nese 16; 72)|2 16:2 7.72 | .26 | —3.59 | —2. 48 ALUStY lumpy, 
pink. . 
Stored 12 weeks.........- 16858") 1651 7.75 25 | —3.78 | —2.62 Do 
Stored 16 weeks.......... 16. 68 Iyea) de2e 21 | —3.61 | —2.52 Do 
Stored 20 weeks........-- 16. 20 fey 7.62 22 | —4.11 | —3.00 Do 
Stored 24 weeks........-- 15.99 | 18.4 7.13 16 | —3.87 | —3.21 Do 
Stored 28 weeks.........- 15.77 | 18.8 7.81 20 | —4.23 | —3. 43 Do 
Lot B, extra low dried— 
When milled........-:--- 1773 17.6 50 |y 8 1. oe eee Good. 
Stored 4 weeks.........-- Sie) 2952 7.60 | .85 | — .42] — .36 _ Do. 
Stored 8 weeks........-.- 16.89 | 25.1 7,.56| .77 | —1.00 | —-.84 | Slighty musty. 
Stored 12 weeks.........- 16523 28.0 Tousw) .76 | —1.50 | —1.50 | Good. 
Stored 16 weeks.........- 16.09 | 34.5 7.31 | .63 | —1.40 | —1. 64 Do. 
Stored 20 weeks.........- 15.58 | 41.7 7.66] .36 | —2.42 | —2.15 | Stale, lumpy. 
Stored 24 weeks......---- 15522). 37.6 7.78 | .31 | —2.75 | —2.51 | Musty, lumpy. 
Stored 28 weeks.......--- 14.98 | 41.2 7.81 28 | —3.44 | —2.75 Do. 
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TABLE 12.—Comparative analyses of whole-kernel, stone-ground corn meal and degermi- 
nated, bolted, roller-grouwnd corn meal, ete.—Continued. 


Degerminated, bolted, roller-ground meal. 


Product. thanca| Change 
Mois- | Acid-| Protein Fat pacee in Taste and appear- 
ture. ity. | (NX6.25). weight. nee ance. 
Mealstored at New Orleans—Con. 
Lot C, low dried— Per ct. Perct. |Perct.| Per ct. | Per ct. 
IWihonumileds./. 6.0. s.55s Loe, 13.8 eo ud MO MMOR Ciateecinc leo eee yood. 
Stored 4 weeks.........-- 15207 16.1 Uae) .70 | —0.14 | —0.15 Do. 
Stored 8 weeks.........-- 15. 51 18. 0 7.40 -74 | — .45 |] — .21 Do. 
Stored 12 weeks.........- TOR29 | Ss 7 7.44] .77] — .80}] — .48 Do. 
Stored. 16 weeks.........- 15. 45 19.6 7.28 | .74] — .30] — .27 Do 
Stored 20 weeks.......-.-- 15.40 | 24.8 7.38 | .72] — .53 | — .32] Stale. 
Stored 24 weeks......--.-.. 15Aesi lh 25.9 7.44] .76 | — .44] — .49 Do. 
Stored 28 weeks.......--- 14.82 28.9 7.63 .69 | —1.51 | — .90 Do. 
Lot D, medium dried— 
VNOMerUNI GG: wee ss Io. 13.78 Ty3: ron MLO DUE cee cael eee Good. 
Stored 4 weeks........-..- 14, 61 16.4 7.25 | 1.04 | — .14] + .88 Do. 
Stored 8 weeks....-.-.-.--- 14.39 GS 7 7.31 |} 1.04] + .56|] + .61 Do. 
Stored 12 weeks......--.- 14. 46 18. 1 7.31 | 1.01} + .66] + .68 Do. 
Stored 16 weeks........-- 14.39} 19.2 7.09 | 1.04-} + .80] + .61 Do. 
Stored 20 weeks.......--- 14432) 25.7 7.28 | 1.03 |. + .387 | + ..65 Do. 
Stored 24 weeks........-- 14. 54 24.7 7.19 | 1.02} + .36 | +..76 Do. 
Stored 28 weeks.....-.--- 14.23 | 30.1 7.25 | 1.00 | + .65 | + .45 Do. 
Lot E, high dried— 
Wehen-mitled! cote. - 12.91] 13.0 ELAR etre G28 |e mae erseece | oes ee Do. 
Stored 4 wecks........-.- 13. 20 14.5 7.32 -95 | + .23 | + .29 Do. 
Stored 8 weeks........--- 13. 42 14.5 Coal! .93} + .70}) + .51 Do. 
Stored 12 weeks......-..- -| 13.39 | 14.9 7.38 | .96] + .61 |] + .48 Do. 
Stored 16 weeks.....--.-- ISHG2Q5 le l653 dedi te sctew 95s | Geer Do. 
Stored 20 weeks.....-.--- IBESBM| -22e ta2o 96 | +1.16] + .92 Do. 
Stored 24 weeks.......--- 13.58 | 19.6 7.19 99 | +1.08 | + .67 Do. 
Stored 28 weeks....-...:-- 13.54 | 26.6 7.38 92} +1.08 | + .63 Do. 
Lot F, extra high dried— ; 
When milled.......------ 11.26 | 13.9 ROOM OG ee oe a | oke eee Do. 
Stored 4 weeks.........-- 11.79 | 12.8 6.94] 1.13 | + .45 | + .53 Do. 
Stored 8 weeks......--....- TORS | Pst3 10 7.221) 1.08 } +1.25 | +1.05 Do. 
Stored 12 weeks......:.-. 12.08] 12.6 7.31 | 1.10] +1.48 |] + .82 Do. 
Stored 16 weeks........-- 12.68 | 14.7 7.41 | 1.10} +1.50 | +1. 42 Do. 
Stored 20 weeks......-.-- 12.69} 18.0 7.38 | 1.07 | +2.09 | +1. 43 Do. 
Stored 24 weeks.........- Leone ale 7.06 | 1.10 | +2.12 | +1.46 Do. 
Stored 28 weeks........-- AZES TS Ne oD avd 7.25 | 1.03 | +2.30 | +1.55 Do. 
Meal stored at Savannah: 
, Lot A, undried— 
Wihenomilleds 5 se ese 19.20 | 16.0 GROSS eat OON [Pes Seee a geen eae 0. 
Stored 4 weeks......----: JSSS5ul sy dived 7.30} .73 | — .65 | — .82 | Norecord. 
Stored 8 weeks......----- 17.67 | 20.0 7. 60 70 | —1.83 | —1.53 Do 
; Stored 12 weeks.......... 16.879) 17.5 7. 26 60 | —3.02 | —2.33 Do 
Stored 16 weeks.......... 16.40 | 18.5 7.61| .48} —3.52 | —2.80 Do 
Stored 20 weeks.....-.--- 16.19 | ‘24.0 ice 36 | —4.08 | —3.01 Do 
Stored 24 w2eks....... Be aap 7 (Valea) 7.50 36 | —4.52 | —3.50 | Musty 
Stored 28 weeks......-.-- 14,95 22.0 6.79 38 | —5.29 | —4.25 O 
F Lot LB, extra low dried— 
Wihtenanitled {2-2-4242 ltaionle liao ERD OY RBS. iby ek yagi Se pees Good. 
Stored 4 weeks.........-.- 17.05 15.8 6. 90 88 | — .46 | — .68} Norecord. 
Stored 8 weeks......-.--- 16.70 | 22.0 6. 90 89 | — .83 | —1.03 fe) 
. Stored 12 weeks....-..--- 16.66 | 24.0 7.18 95 | —1.46 | —1.07 Do 
: Stored 16 weeks.......--- 16.09 | 27.5 leo 84 | —1.65 | —1. 64 Do 
{ Stored 20 weeks.....-...-. La Dal cooenh 7.59 49 | —2.40 | —1.98 Do 
4 Stored 24 weeks....-....-. 14. 97 36.5 7.34 53 | —3.21 | —2.76 Do 
: Stored 28 weeks........-- 14 OOVlmooee 7.41 £5 bs ae ee ee —3. 23 Do 
a Lot C, low dried— 
; Wihtenmimilied 8.22282 2 15a Onl eel oes ROTA eel al erste tetreiacvae Good. 
Stored 4 weeks.........-- LES 2: O Tals 265 | — 220) |i —s74i Do. 
Stored 8 weeks.<.......-- 15,44 ("15.8 7.09} .83 | — .46] — .28 Do. 
Stored a2 weeks. f32-.2..: 15.49 } 16.5 6.82] .77] — .46| — .23 Do. 
Stored 16 weeks........-- HD n teedise1D apAa 79 | — .46] — .47 Do. 
Stored 20 weeks.......--- 15202; | 2235 7.59 72| — .77| — .70 Do. 
Stored 24 weeks.........- 15.00 | 25.5 7.24 72 | —1.15] — .72 Do. 
Stored 28 weeks......-..- AS22455 6. 97 87 | —1.65 | —1.50 Do. 
Lot D, medium dried— 
Whe munmled a2 000225 13) '78.\) 213.3 1/ ASA WE 0 1550) |e aa | es Do. 
Stored 4 weeks. 2...2....- 13.98 | 10.3 Tasos deals|) t= a50) |p 220 Do. 
Stored 8 weeks..........- 14.16] 15.8 091507.) = S73) |) 4-888 Do. 
Stored 12 weeks......-..- TAS {0 5.5 6.82 | 1.12] + .54] + .35 Do. 
Stored 16 weeks... .......- 14. 09 17.0 7.26 |,1.09 | +..36] + .31 Do. 
Stored 20 weeks. ...-...-. 14.30 | 23.0 fe lo) 1212)| (421936 | =F" 2/52 Do. 
Stored 24 weeks. .....-.-- 14. 07 25: 5 7:23 | 1:05 | — :08 }] + .29 Do. 
Stored 28 weeks. .......-. 13. 68 PAT 75 Wes Vs te 2: — .10 Do. 
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TaBLE 12.—Comparative analyses of whole-kernel, sione-ground corn meal and degermi- 
nated, bolted, roller-ground corn meal, etc.—Continued. 


Degerminated, bolted, roller-ground meal. 


Product. Change 
Mois- | Acid- ae Fat phanee in Taste and appear- 
ture ity. | (NX6.25) ; : mois- ance. 
weight ture. 
Meal storedat New Orleans—Con. 

Lot E, high dried— Pent: Bert. | \Penctee ener |e eres 
Wihentmuilled eee. ss acnnce 12.91 13. 0 AL OE 92 race 28 | eee Gooa. 
Stored 4 weeks. ....2.2.-- 12. 16 9.5 7.00] .95 | +0.23 | —0. 75 Do. 
stored Siweeks= = -s22 222 22 13539>) 1355 7.00} .98 | + .61| + .48 Do. 
Stored 12 weeks. ........- 13.35.| 14.5 7.09 | 1.00] + .48| + .44 Do. 
Stored 16 weeks. ........- 13.45 | 15.0 7.00 | 1.03 | + .67] + .54 Do. 
Stored 20 weeks.......-.-- 13. 58 19.0 7.15] 1.09 | + .61 | + .67 Do. 
Stored. 24 weeks. ..-..:... 13.32 20. 5 7.24] 1.00} + .39| + .41 Do. 
Stored 28 weeks. ......-..- LSB 7a 225 7.10 | 1.04] + .52| +4 .36 Do. 

Lot F, extra high dried— 
iWhenanilled® 22.22 5255: 11. 26 13.9 s20) 13064 oe aeec ees Do. 
SLOLEGEAAWECKS ais seer tt 17 9.3 7.09 | 1.14] + .73 | — .09 Do 
Stored'8 weeks-~..-:..=... 11. 49 12.0 7.45 | 1.15 | +1.11 23 Do. 
Stored 12 weeks..........| 12.30 13.0 OO) S138 eae oes +1. 04 Do. 
Stored 16 weeks... .......-. 122139} 1257 7.18 | 1.13 | +1.11 | + .87 Do 
Stored 20 weeks. .....-.... 12.30 17.5 7.16 | 1.10 | +1.48 | +1. 04 Do 
Stored 24 weeks. .......-- 12:40 | - 16.5 7.05 | 1.13 | +1.42 | +1.14 Do 
Stored 28 weeks. .......-- 12.64 | -18.8 7.01 | 1.16 | +1.67 | +1.38 Do 


Special attention should be directed to the degerminated meal of 
lot A, which heated during the first four weeks and also became musty 
and lumpy. No srathecan dine the spoilage evident to the senses, 
this meal did not increase pepncc plas in acidity—in fact, at the one 
of 28 weeks it had less acidity than most of the dried meal The pink 
color, as well as the mycological examination by Dr. C. Thom, showed 
that the flora of the sample was peculiar and evidently such as to 
produce spoilage without development of acidity. 

Fat.—A marked diminution in the percentage of fat accompanied 
heating. This was evident in lots A, B, and C of the whole-kernel 
meal and lots A and B of the degerminated meal. This diminution 
was also noted in the experiments of the preceding year. 

Protein.—The results show no significant change in total crude 
protein. 

Taste and appearance.—Both the whole-kernel and the degermi- 
nated meal of lot A were hot, musty, and unfit for food four weeks 
after milling, and the whole-kernel meal of lot B was musty at the same 
period. The remainder of the whole-kernel meal became rancid in 
from 20 to 24 weeks. The degerminated meal of lots B and C was 
stale at the end of 20 weeks, but none of the lots with lower moisture 
content suffered appreciably in quality, even up to the end of the 
experiment. ; 

CONCLUSIONS. 


Whole-kernel meal prepared from corn of the quality of the crop 
of 1913, even when thoroughly dried, develops excessive acidity in so 
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short a time as to demand immediate consumption. If meal of this 
type is preferred because of its greater nutritive value or more oily 
flavor, it should, as recommended by Commissioner Watson, be 
milled locally in small quantities and consumed within a short period. 

In regard to keeping qualities, whole-kernel meal may. be com- 
pared to cream in that it must be delivered and consumed without 
delay, while degerminated meal may be compared to butter, which 
within reasonable limits keeps until used. 


STORAGE EXPERIMENTS WITH WHOLE-KERNEL AND DEGERMINATED MEAL, MILLED 
WITHOUT DRYING, APRIL 3, 1914. 


The analyses of the meal as milled April 3, 1914, appear in Table 13, 
and of the meal after storage at New Orleans in Table 14.. The 
percentages of moisture at the time of milling were 18.45 and 18.46, 
and of fat 3.34 and 0.79, respectively, in the whole-kernel and_ the 
degerminated meal. 


TaBLE 13.—Composition of carload lots of whole-kernel, stone-ground corn meal and 
_degerminated, bolted, roller-ground corn meal, as milled, without drying, Apr. 3, 1914, 
for use in storage experiments. 


‘ : : Nitrogen- 
Mois- | Acid- | Protein : Crude 
Product. F Fat. free Ash 
ture. | ity. | (NX6.25). eactraete fiber. 

Meal as milled: Per ct. Per cent. | P.ct.| Per cent. | Per ct.|-P. ct. 
Whole-kernel stone-ground............----- 18.45 | 30.0 8.94 | 3.34 66523) E7S8h| a6 
Degerminated bolted roller-ground .......-.- 18.46 | 17.9 6.97 | .79 72.91 46 Al 

Moisture-free meal: 

Whole-kernel stone-ground.............-..-|..----- 36.8 10.96 | 4.10 S228 ANS eed: 
Degerminated bolted roller-ground .........|...--.-- 22.0 8.55 | .97 89. 42 56 50 


TABLE 14.—Comparative analyses of whole-kernel, stone-ground corn meal and degermi- 
nated, bolted, roller-ground corn meal, milled without drying, showing changes during 
storage. ; 


[Carload lots milled Apr. 17, 1914, and stored in 100-pound bags at New Orleans. ] 
Mois- | Acid- | Protein Change} Change 


: Fat. in in Taste and appearance. 
ture. | ity. |(NX6.25). weight.| moisture. 


Product. 


Whole-kernel, stone-ground 


meal: Per ct. Per cent. | Perct.| Per ct. | Per cent. 
Maareral i cord We | es ae ee, 18.46 | 30.0 SOTA roe leave mec laoreet Good. 
Stored 2 weeks.............| 15.41 | 82.7 8.85 | 2.79 | —4.36 —3.04 | Hot, musty, caked. 
Stored 4 weeks............. 14.47 | 90.0 9.25 | 2.76 | —5.72 —3.98 | Musty, caked. 
Stored’ 6 weeks..:.2.3...51. 14.48 |] 98.1 9.44 | 2.52 | —5.73 —3.97 | Rancid, caked. 
Stored 8 weeks.............| 14.55 | 98.7 9.38 | 2.78 | —5.66 —3.90 Do. 
Stored 12 weeks............ 13.85 | 94.8 9.38 | 2.71 | —6.00 —4. 60 Do. 

Degerminated, bolted, roller- 

ground meal: 
iMgnenmnMibled. (22. 2222205. 18.46 | 17.9 6.97 ATK) berets eae eae Good. 
Stored 2 weeks...:......... 18.50 | 21.9 7.18 -73 | — .30 + .04 | Not good. 
Stored 4 weeks......-.....-. 16.06 | 20.3 7.31 .31 | —3. 81 —2.40 | Musty, lumpy, pink. 
Stored 6 weeks............- 15.53 | 21.0 eos .27 | —4. 67 —2.93 Do. 
Stored 8 weeks...:......-..- 15067 || 22:2 Ue 4s) .34 | —4.51 —2.79 Do. 
Stored 12 weeks............| 15.19 |: 22.1]. 6. 75 .29 | —4.56 —3.27 Do. 


Neither kind of meal was fit for food at the end of two weeks’ 
storage, the deterioration being evident from the taste and appear- 
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ance, as well as in the case of the whole-kernel meal, from the acidity . 
As in lot A of the preceding experiment, the degerminated meal 
spoiled without developing excessive acidity. 


SUMMARY. 


1. The products of a white-corn mill may be arranged in the fol- 
lowing order in regard to acidity, fat, fiber, and ash, beginning with 
the lowest percentage: Grits, meal, flour, feed, and germ. They may 
be arranged in the following order in regard to protein: Flour, meal, 
grits, feed, and germ. ‘The percentage of nitrogen-free extract is not 
strikingly different in the grits and meal, but is lower in the feed and 
lowest in the germ. 

2. Samples of meal taken from 41 mills located in 32 towns and 17 
States are classified under four heads: (1) Whole-kernel, stone-ground 
meal; (2) bolted, undegerminated meal; (3) degerminated, bolted, 
roller-ground meal (‘‘cream meal’’); and (4) low-grade or ‘‘standard”’ 
meal. | 

3. Whole-kernel meal at the time of grinding is the same in com- 
position as the corn except in regard to moisture, but soon develops a 
greater acidity. 

4. Bolted, undegerminated meal contains less fiber than the corn, 
but no other general rule can be formulated owing to the variable 
conditions of manufacture. 

5. Degerminated, bolted meal contains less protein, fat, fiber, and 
ash, but more nitrogen-free extract than the corn. 

6. Low-grade (‘‘standard’’) meal contains sometimes more and 
sometimes less of each constituent than the corn. 

7. Ton lots of degerminated, bolted meal, with arange in moisture 
content, were stored at Savannah and Chicago. The lot containing 
16.86 per cent of moisture showed an excess of acidity in 12 weeks, a 
loss of fat in 16 weeks, and a musty taste in 20 weeks. The lot con- 
taining 15.04 per cent of moisture only slightly exceeded the limit for 
acidity (30) in 24 weeks, and did not suffer in taste or appearance, 
while those with 12.41 per cent or less kept well in all respects up to 
the end of the experiment (24 weeks). 

8. Carload lots of degerminated, bolted meal, with 15.78 per cent 
of moisture, showed an excess of acidity at Savannah in 8 weeks and 
at Chicago in 12 weeks, but did not suffer appreciably in quality. 
Highly dried meal with 9.86 per cent of moisture after 24 weeks 
showed a maximum acidity of only 21.8. 

9. Comparative tests with whole-kernel and docoumenerees bolted . 
meal, undried and dried to different degrees and stored at Savannah 
and New Orleans, showed the superior qualities of the latter. Even 
when dried to 10.79 per cent of moisture, the whole-kernel meal 
developed excessive acidity in 8 weeks and became rancid in 20 
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weeks, while with 15.71 per cent of moisture or higher, in addition to 
becoming acid, it sooner or later heated and caked. The loss in 
weight accompanying heating exceeded the loss of moisture. 

Degerminated, bolted meal containing 13.78 per cent or less of 
moisture kept in all respects for 28 weeks, and that containing 15.72 
per cent, although it became stale in 20 weeks, did not develop exces- 
sive acidity. The undried meal containing 19.20 per cent of moisture, 
although it heated within 4 weeks, unlike the whole-kernel meal, 
did not increase markedly in acidity. 

10. Meal of the two kinds milled April, 1914, without drying and 
containing about 18.50 per cent of moisture, spoiled within 2 weeks 
at New Orleans. Only the whole-kernel meal developed an excess of 
acidity. 

11. A study of all the results leads to the conclusion that deger- 
minated, bolted meal containing not over 14 per cent of moisture and 
1 per cent of fat, as determined by the method of the Association of 
Official Agricultural Chemists, properly stored, should keep for 6 
months; with a moisture content of 15 per cent it should keep 3 
months. Schindler’s limit for moisture, namely 134 per cent, obtained 
by drying in an open dish, corresponds to about 144 per cent by the 
method of the Association of Official Agricultural Chemists. 

12. Whole-kernel meal, like cream, should be produced locally and 
consumed soon after grinding; properly dried, degerminated meal, 
like butter, keeps well during transportation and long storage. 
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